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SCIENTIFIC MEETINGS DURING MARCH, 1949 
ANNIVERSARY MEETINGS 


The One Hundred and Eighth Annual General Meeting of the Chemical Society will be 
held in London on Thursday, March 31st, 1949. The following is a summary of the 
programme : 

March 28th—30th. A Symposium, The Chemistry of the Heavy Elements, arranged on 
behalf of The Chemical Society and The Atomic Energy Research Establishment by 
the Chemistry Division of A.E.R.E., to be held at Rhodes House, South Parke Road, 
Oxford. 

March 31st. 2.30 p.m. 108th Annual General Meeting. 

3.30 p.m. Presidential Address, Concerning Amino-acids, Peptides, and 


Purines. 
7 for “ Anniversay Dinner at the Dorchester Hotel, Park Lane, 
7.30 p.m. W.1. 


April Ist. Discussion, The Use of Radioactive Tracers in Chemistry, to be held at the 
Institution of Civil Engineers, Great George Street, S.W.1. 


(Full particulars are being circulated to Fellows.) 


LONDON. 
Thursday, March 3rd, 1949, at 7.15 p.m. 


The following papers will be read and discussed : 


“‘ Studies on nitroamines. Parts I to VIII.” By R. C. Brian, F. Chapman, A. H. 
Lamberton, C. Lindley, P. G. Owston, J. C. Speakman, and D. Woodcock. 


‘* Syntheses in the fluoranthene series."” By N. Campbell, R. S. Gow, A. E. S. 
Fairfull, and H. Wang. 


Preprints of abstracts of the papers for discussion may be obtained on application to the 
General Secretary. 





Thursday, March 17th, 1949, at 7.15 p.m. 





Discussion, Aspects of Heterogeneous Catalysis, arranged by Dr. R. Holroyd (I.C.I. 
Ltd., Billingham Division). The following contributions will be read and 
discussed : 


Part I. Theoretical Basis, by Mr. D. A. Dowden. 
Part Il. Hydrogenation by Binary Alloys, by Dr. P. W. Reynolds. 


Preprints of abstracts of the papers for discussion may be obtained on application to the 
General Secretary. 


ABERDEEN. 
Thursday, March 10th, 1949, at 7.30 p.m. 





Lecture, Recent Advances in Seaweed Technology, by Dr. F. N. Woodward, 
F.R.LC. 


Joint meeting with the local sections of the Royal Institute of Chemistry and the Society 
of Chemical Industry, to be held in the Chemistry Department of Marischal College. 


1307987 








BIRMINGHAM. 
Friday, March 18th, 1949, at 4.30 p.m. 





Lecture, Some Aspects of Stereochemistry, by Dr. F. G. Mann, F.R.S. 


Joint meeting with the University of Birmingham Chemical Society, to be held in the Main 
Chemistry Lecture Theatre of the University. 


EDINBURGH. 
Thursday, March 17th, 1949, at 7.30 d.m. 


Lecture, Recent Trends in the Industria] Utilisation of Agricultural Products in 
North America, by Dr. F. N. Woodward, F.R.I.C. 


Joint meeting with the Royal Institute of Chemistry and the Society of Chemical Industry, 
to be held in the North British Station Hotel. 





EIRE. 
Monday, March 7th, 1949, at 7.45 p.m. 


Lecture, The Chemistry of Reductone and its bearing on Sulphanilimide Action, by 
Professor W. Cocker, Ph.D. 


Joint meeting with the University College of Dublin Chemical Society and the Werner 
Society, to be held in the Department of Chemistry, University College, Dublin. 


Monday, March 14th, 1949, at 7.45 p.m. 


Lecture, The Development of the Periodic Table, by Professor T. S. Wheeler, D.Sc., 
F.R.L.C. 


Joint meeting with the University College of Dublin Chemical Society and the Werner 
Society, to be held in the Department of Chemistry, Trinity College, Dublin. 








GLASGOW. 
Friday, March 11th, 1949, at 7.15 p.m. 


Lecture, The Head-to-tail Isoprene Rule and its Limitations in Terpene Chemistry, 
by Professor G. R. Clemo, D.Sc., F.R.S. 


To be held at the University. 





LEEDS. 
Tuesday, March 15th, 1949, at 5 p.m. 





Display of Scientific Films followed, at 6.30 p.m., by a Lecture, Structural Rela- 
tionships amongst the Polysaccharides, by Professor E. L. Hirst, M.A., D.Sc., 
F.R.S. 


Joint meeting with the University of Leeds Chemical Society, to be held in the Chemistry 
Lecture Theatre of the University. 


MANCHESTER. 
Thursday, March 10th, 1949, at 6.30 p.m. 





Meeting for reading of original papers. 
To be held in the Chemistry Department of the University. 
Thursday, March 24th, 1949, at 6.45 p.m. 
Lecture, The Chemistry of the Deoxy-sugars, by Professor M. Stacey, D.Sc., F.R.L.C. 





Joint meeting with the Royal Institute of Chemistry and the Society of Chemical Industry, 
to be held at the Engineers’ Club. 

















NEWCASTLE and DURHAM. 
Friday, March 4th, 1949, at 5 p.m. 


Meeting for reading of original papers. 
To be held in the Chemistry Department, King’s College, Newcastle-on-Tyne. 





NORTHERN IRELAND. 
Wednesday, March 2nd, 1949, at 7.30 p.m. 
Lecture, The Future of Synthetic Detergents in Relation to the Petroleum Chemical 
Industry, by Mr. F. H. Braybrook, M.A., and Mr. A. K. Simcox, B.Sc. 


Joint meeting with the Royal Institute of Chemistry and the Society of Chemical Industry 
to be held in the Lecture Theatre, Department of Agricultural Chemistry, Queen’s University 


Belfast. 





NORTH WALES. 
Thursday, March 3rd, 1949, at 5 p.m. 
Lecture, The Liquid State, by Dr. E. A. Moelwyn-Hughes. 


Joint meeting with the University College of Wales Chemical Society, to be held at the 


Edward Davies Chemical Laboratories, Aberystwyth. 
(Note: The date of this meeting has been altered from 10th March, 1949.) 





NOTTINGHAM. 
Thursday, March 10th, 1949, at 6.30 p.m. 


Lecture, Some Metabolic Products of Moulds, by Professor A. Robertson, M.A., 


Ph.D., F.R.S. 
Joint meeting with the University of Nottingham Chemical Society, to be held in the 
Chemistry Department of the University. 





Thursday, March 24th, 1949. 


(This meeting has been cancelled.) 





SHEFFIELD. 
Thursday, March 3rd, 1949, at 5.30 p.m. 


Lecture, The Chemistry of Colchicine, by Professor J. W. Cook, D.Sc., F.R.S. 


Joint meeting with University of Sheffield Chemical Society to be held in the Chemistry 
Department Lecture Theatre of the University. 





SOUTH WALES. 
Friday, March 11th, 1949, at 6 p.m. 


Lecture, The Function of Sulphuric Acid in Aromatic Nitration, by Dr. G. M. Bennett, 


C.B., M.A., F.R.S. 
Joint meeting with the University College of Swansea Students’ Chemical Society, to be 
held at University College, Swansea. 











PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY 





Minutes of a 
SCIENTIFIC MEETING 


held in the Lecture Theatre of the Royal Institution, Albemarle Street, London, W.1, on 
Thursday, January 20th, 1949, at 7.15 p.m. 


The President, Str IAN HEILBRON, D.S.O., D.Sc., F.R.S., was in the Chair. 


MINUTES. 


The Minutes of the Scientific Meeting held at Burlington House on December 9th, 
1948, were read, and were confirmed and signed. 


VACANCIES ON COUNCIL 1949—1950. 
A notice regarding the Vacancies on Council 1949—1950 was read. 


FORMAL ADMISSION OF FELLOWS. 


The following were admitted Fellows of the Society: S. N. Agrawal, Brenda M. Davis, 
Thomas Nash, E. M. Thain, G. Schmerling, T. F. McCombie, L. Richter, M. F. Ring, 
E. Blutstein, M. T. Williams, J. B. Rose. 


TILDEN LECTURE. 


The President called upon Professor F. E. King to deliver the Tilden Lecture entitled, 
“‘ Three- and Four-membered Heterocyclic Rings.” At the conclusion of the lecture a 
vote of thanks to the Lecturer, proposed by Dr. A. H. Cook, was carried with acclamation. 





OFFICIAL ANNOUNCEMENTS 


DEATHS. 
The Council regret to announce the deaths of the following Fellows : 
Elected. Died. 
John cag | Coste (Smallfield) ......... June 15th, 1893. Jan. 3rd, 1949. 
Binyamin Rafael Dishon (Rehovot) ... Oct. 2nd, 1947. Nov. 1948. 
John Michael Geoghegan (Edinburgh) July 7th, 1947. Nov. Ist, 1947. 
Andrew Henderson (Newton) ............ May 4th, 1933. Aug. 31st, 1947. 
Charles Mills (Durban) _ ................4- June 15th, 1893. {uly 30th, 1948. 
George Scott Robertson (Belfast) ...... Dec. 2nd, 1915. ec. 22nd, 1948. 
CONGRATULATIONS. 


(a) New Year Honours List. 


The President has conveyed the congratulations of the Society to the following Fellows 
whose names appear in the New Year Honours List : 


G.C.B. 
Sir Henry Tizard. 
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Knight Bachelor. 
William Gammie Ogg. 
John Lionel Simonsen. 

C.B.E. 

William Wardlaw. 





(b) Sixty years of Fellowship. 
Congratulations have also been conveyed to Mr. Robert John Gow of Widnes, who 
completed sixty years of Fellowship on January 17th, 1949. 


ELECTION OF NEW FELLOWS. 
The following 80 candidates were elected Fellows of the Society on January 20th, 


1949 : 


Andrew John Gordon Allan. 

Alan Douglas Ambrose. 

Robert Frank Armitage. 

Charles Cobbett Barker. 

Samuel Aaron Baron. 

Denis Bennion. 

Giovanni Battista Bonino. 

Bernard Thomas Bonner. 

Ronald William Bott. 
jorie Joan Brown. 

Basil Hugh Chase. 

Margaret Phyllis Clark. 

Frederick Hurn Constable. 

Frederick Cooke. 

James Daly. 

Andrew Davies. 

George Martin Denton. 


Duncan Alexander Cox Dewdney. 


Philip John Durrant. 
Meseee Saad El Khadem. 
Hermas Evans. 
Kathleen Rebecca Farrar. 
Nathan Fisher. 
Peter George Garner. 
fone Stephen Glasby. 
ouglas Royston Glasson. 
Ronald Wil m Golledge. 
Eleanor Gray. 
John Alan Gray. 
Michael Francis Grundon. 
Doreen Margaret Hardy. 
James Tolson Harrison. 
Philip Harrison. 
es Arnold Hedderly. 
obert Murray Heggie. 
John Hilton. 
Gordon James Hunter. 
ames Jack. 
arold Jacobs. 
Edward Graham Jefferson. 


MEETING OF COUNCIL. 


William Frank Jervis. 
Peter Sydney Johnson. 
Gurnos Jones. 
Krishna Sheshgiri Kaikini. 
Alan Roy Katritzky. 
Manfred Kvaszes. 

ohn Fero Lane. 

ack Edward Lawrence. 

orman Lord. 
James McKenna. 
Gordon Marshall Leonard Mann. 
Zena Mary Elizabeth Maxwell. 
Keith John Morgan. 
Herbert Norman Mortlock. 
Lucy Florence Oldfield. 
William Alexander O’Neill. 
John Mervyn Owen. 

ohn Eldred Peace. 

illiam Burton Pearson. 
Edgar Pedley. 
Guido Werner Perold. 
Derek Plant. 
August William Pross. 
William James Read. 

ohn Willis Richards. 
John Robins Richards. 

onald Sawyer. 
Peter Ewart Scott. 

Mary Gwen YE we 

jt Alfred Shorten. 
Ronald Philip Smith. 
William Roy Smith. 
Hans Suschitzky. 
David Williamson Tanner. 
Dhafir Yusuf Waddan. 
Alan John Warwick. 
Kenneth Harold Wheatley. 
Eric Alfred Dutton White. 
Ian Cartledge Willox. 
Maurice Edward Henry Wooding. 


A meeting of Council was held on Thursday, January 20th, 1949. 

Council learned with pleasure that the Royal Society had made a supplementary 
grant of £900 from the Parliamentary Grant i in Aid of Scientific Publications towards the 
cost of the publications for 1948. 

A donation of five guineas to the Centenary Fund from Dr. A. F. Campbell was 
gratefully acknowledged. 
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Gifts of the Society’s publications from Mr. A. R. Aikman, Dr. F. Bell, Miss N. J. 
Broadway, Dr. R. C. Farmer, Dr. J. McLean, Mr. C. S. Malet, Mr. E. Moor, Dr, O. Rosenheim, 
and Mr. R. W. Sutton have also been acknowledged. 

It was learned with regret that Dr. E. G. V. Percival and Dr. J. D. Loudon had 
expressed a desire to retire as Local llth li for Edinburgh and Glasgow respect- 
ively. The Council expressed their thanks to Dr. Percival and Dr. Loudon for their 
past services to the Society and unanimously agreed to appoint Dr. Neil Campbell as Local 
Representative for Edinburgh and Dr. J. C. Speakman as Local Representative for 
Glasgow. 


Certain items of a formal and financial nature were dealt with. 


GERMAN CHEMICAL INDUSTRY. 


The Association of British Chemical Manufacturers and the Board of Trade are co- 
operating in the production of a card index of the information contained in the reports, 
published under the auspices of CIOS, BIOS, and FIAT, as a result of visits to German 
Industry by technical teams. 

H.M. Stationery Office is prepared to reproduce the index in 1949 (seven volumes at 
five guineas for the set) provided that a substantial number of copies are ordered. 

The card index may be seen at the Technical Information and Documents Unit of the 
Board of Trade, German Division, 40, Cadogan Square, W.1, and any Fellow wishing to 
purchase a copy should communicate with the Intelligence Officer, The Association of 
British Chemical Manufacturers, 166, Piccadilly, London, W.1. 





MEETINGS OUTSIDE LONDON 
BIRMINGHAM. 


“ The Liquid State,” by Dr. A. E. Moelwyn-Hughes. 

A joint meeting with the University Chemical Society was held at the University on 
December 3rd, 1948, with Professor H. W. Melville in the Chair. 

In attempts to derive a theory of the liquid state one is hampered at the outset by 
ignorance of the molecular arrangements. The idea of transferring molecules from one 
site to another is difficult to formulate. Some insight can be gained from the analysis 
of X-ray reflections from liquids. Experimental results in the compressibility of liquids 
indicate that increasing pressures have two effects, viz. the mean economical parking of 
molecules in the liquid framework and an actual collapse of the framework itself. 
Empirical formule were reviewed in the light of this theory. 


A vote of thanks to the Lecturer, proposed by Dr. J. C. Bevington, was carried with 
acclamation. 


EDINBURGH. 
“ Amphipathic behaviour in Colloid Systems,” by Dr. T. R. Bolam. 


A joint meeting with the local sections of the Royal Institute of Chemistry and of 
the Society of Chemical Industry was held in the North British Station Hotel on January 
13th, 1949, with Dr. E. G. V. Percival in the Chair. 

Dr. Bolam dealt with the behaviour of paraffin-chain salts and similar compounds in 
detergent solutions and other colloidal systems. A general discussion followed, and a 
vote of thanks to the lecturer, proposed by Mr. G. Elliot Dodds, was carried with enthusiasm. 


HULL. 


“The Preparation and Uses of Radioactive Isotopes,” by Professor H. J. Emeléus, 
D.Sc., F.R.S. 


A joint meeting with the University College Scientific Society was held in the General 
Science Lecture Theatre of University College on November seth, 1948, with Professor 
Brynmor Jones in the Chair. 
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Professor Emeléus described in a very lucid manner the ways now available for the 
preparation of radioactive isotopes and proceeded to give a number of instructive examples 
of their uses in various branches of science. The lecture was followed by an interesting 
discussion, and a vote of thanks to the Lecturer, proposed by Dr. J. J. Kipling, was carried 
enthusiastically by the large audience. 





LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objections to the election of these candidates should communicate with the 
Honorary Secretaries within ten days of the date of publication of the Journal for January, 1949. Such 
objections will be treated as confidential. The forms of application are available in the Library.) 


*Allan, John Leslie. British. 61, St. David’s Road, Cheadle, Manchester. Signed by : Colin Campbell, 
A. E. Gillam, T. H. Quibell. 

*Alsbury, Allan, B.Sc. (Lond.). British. 55, Powell Street, Derby. Student, University of Notting- 
ham. Signed by : C. C. Addison, B. D. Shaw, John C. Roberts. 

*Apling, Edward Chaterton. British. 45, Hatley Avenue, Ilford. Student. Signed by : H. Holness, 
R. W. Jukes, G. Mattock, R. Trewick. 

Bader, Henryk, Ing.Chem. (Strasbourg), Licencie-es-Sciences (Paris). Polish. 15, Oakley Square, 
N.W. 1. Research Chemist, Beecham’s Research Laboratories, Ltd. Signed by : Franz Sond- 
heimer, Gordon W. H. Cheeseman, R. A. Raphael. 

Bailey, Arthur Edwin, M.P.S. British. 91, Cassiobury Drive, Watford. Editor, The British and 
Colonial Pharmacist. Signed by : J. Ross-Mansell, Reginald Goode, Frank Hartley. 

*Bailey, Ralph. British. Connaught Hall, Wessex Lane, Swaythling, Southampton. Student, 
University College, Southampton. Signed by : K. R. Webb, W. V. Blakey, R. E. Parker. 

*Barker, Colin, B.Sc. (L’pool). British. 57, Elmswood Road, Aigburth, Liverpool, 17. Research 
Student, University of Liverpool. Signed by : T. P. Hilditch, M. L. Meara, J. P. Riley.. 

*Bishop, Roy Reginald, B.Sc. (Lond.). British. 72, Chessel Avenue, Southampton. Research Student, 
University College, Southampton. Signed by : K. R. Webb, E. Cartmell, N. B. Chapman. 

Braithwaite, Donald Parkinson, B.Sc. (Lond.), A.R.I.C. British. P.O. Box 128, Nairobi, Kenya. 
Research Chemist. Signed by : Kenneth R. Rees, W. R. Wragg, Hamish MacL. Cranstoun. 

Christian, Brian Crossley, B.Sc. and Ph.D. (L’pool), F.R.I.C. British. Attwood, Bromham Road, 
Biddenham. Research Chemist, Lever Brothers & Unilever, Ltd. Signed by: Alan D. Scott, 
G. P. Gibson, E. H. Shepherd. 

Clarke, Henry James. British. Sedgemoor, Brinnington Road, Stockport. Assistant Technical 
Officer, 1.C.I. Leathercloth Division. Signed by : W. C. Wilson, S. G. Lawrence, S. B. Rawlinson. 

Cross, Edwin John, B.Sc. and Ph.D. (Lond.), F.R.I.C. British. Department of Colour Chemistry and 
Dyeing, The University, Leeds. Senior Lecturer in Colour Chemistry. Signed by: Charles S. 
“Whewell, J. W. Baker, William Bradley. 

Davall, Donald. British. 23, The Drive, Westcliff-on-Sea. Analytical Chemist. Signed by: W. M. 
Seaber, R. A. Rabnott, A. C. Davall. 

Denston, Tom Clifford, B.Pharm. (Lond.), Ph.C., F.R.I.C. British. 17, Bloomsbury Square, W.C. 1. 
Editor. Signed by : Wilfred H. Linnell, E. T. Osborne, H. V. A. Briscoe. 

Drage, Olive Lucy, B.Sc. (Lond.). British. Timothy & Sandwith, Ltd., Bracknell. Chemist. Signed 
by : J. Tinsley, R. Pickup, J. F. J. Dippy. 

Dewhirst, Leslie. British. 7, Nursery Lane, Ovenden, Halifax. Student. Signed by : S. H. Harper, 
A. J. Allmand, C. S. Salmon. 

Essery, John Edward George, B.A. (Cantab.). British. Trinity College, Cambridge. Student. Signed 
by : F. G. Mann, A. W. Johnson, J. H. Turnbull. 

Farmer, Dorothy Maud, B.Sc. and Ph.D. (Lond.).. British. Worlds End Farm, Chelsfield. Librarian 
and Information Officer, British Plastics Federation. Signed by : George Dring, Frank James, 

. _W.E. de B. Diamond. 

Gallagher, Kevin Joseph. British. 23, Cavendish Street, Belfast. Student, Queen’s University, 
Belfast. Signed by : H. Graham, Cecil L. Wilson, R. G. R. Bacon. 

*Gibson, Agnes Margaret, B.Sc. (Lond.), A.R.C.S. British. 5, Castle Drive, Ilford. Assistant, Patent 
Department, British Celanese, Ltd. Signed by : J. C. Everett, T. N. Parkin, N. A. C. Friend. 

Grant, James Kerr, B.Sc. (Edin.), A.R.I.C. British. Department of Biochemistry, University New 
Buildings, Teviot Place, Edinburgh, 8. Lecturer in Biochemistry. Signed by: G. F. Marrian, 
R. E. Illingworth, W. M. Ames. 

Griffiths, Hugh, B.Sc. (Lond.), A.R.C.S., M.I.Chem.E., F.R.I.C. British. 240, Upton Road, Bexley. 
Chemical Engineer. Signed by: L. O. Newton, F. A. Greene, H. W. Cremer. 

*Groves, Leonard Harrison, B.Sc. (Dunelm). British. 15, Warden: Street, Newcastle-on-Tyne, 4. 
Research Student, King’s College, Newcastle-on-Tyne. Signed by: P. L. Robinson, R. Raper, 
G. R. Clemo. 

Head, Arthur John, B.Sc. (Lond.), A.R.C.S. British. 18, Ormeley Road, Balham, S.W. 12. Research 
Student, Imperial College, London. Signed by : D. H.R. Barton, J. O’M. Bockris, J. A. Kitchener. 





Holloway, Maurice William, B.Sc. (Liverpool), A.R.I.C. British. 62, Beechwood Park Road, Solihull. 
Reseach Chemist. Signed by : G. Barnett, J. G. Weighall, A. S. Johnson. 

*Hopton, Jack Welsby, B.Sc.Tech. (Manc.). British. 84, Manchester Road West, Little Hulton, 
Bolton. Demonstrator, College of Technology, Manchester. Signed by : J. Kenner, T. K. Walker, 
G. Baddeley. 

Howis, Cyril Cuttell, M.Sc. (Sheffield). British. Howards Lane Farm, Eccleston, St. Helens. Research 
Chemist, B.I.C.C., Ltd., Prescot. Signed by: L. C. Bannister, Brynmor Jones, Arthur W. 
Chapman. 

*Innes, Brian Stanley. British. 74, Fairlands Avenue, Thornton Heath. Student, King’s College, 
London. Signed by : S. H. Harper, D. W. G. Style, D. H. Hey. 

*Landauer, Phyllis Downton, B.Sc. (Lond.). British. 20, Delamere Gardens, Mill Hill, N.W. 7. 
Research Student, Birkbeck College. Signed by : H. N. Rydon, V. M. Ingram, A. S. Lindsey. 
*Landauer, Stephen Klaus Robert, B.Sc. (Lond.). British. 20, Delamere Gardens, Mill Hill, N.W. 7. 
Research Student, Birkbeck College. Signed by : H. N. Rydon, V. M. Ingram, A. S. Lindsey. 
Lavender, Charles Michael, B.A. (Oxon.). British. 3, Church Road, Parkstone. Micro-analyst, The 

British Drug Houses, Ltd. Signed by : Alan Jewsbury, G. H. Osborn, A. Turner. 

Lewis, Douglas Rostron, B.Sc. and M.Sc. (Manc.). British. 57, Clarence Road, Barrow-in-Furness. 
Senior Chemistry Master, Grammar School for Boys, Barrow-in-Furness. Signed by: A. E. Bell, 
Colin Campbell, G. N. Burkhardt. 

Ludwiczak, Rufina Stella, D.Sc. (Pcznan). Polish. 47, Hyndland Road, Glasgow, W. 2. Research 
worker, University of Glasgow. Signed by : J. W. Cook, James D. Loudon, R. Schéental. 

*Mackenzie, James Brown Douglas, B.Sc. and Ph.D. (L’pool). British. 15, Parthenon Drive, 
Liverpool, 11. Brotherton Research Lecturer, University of Liverpool. Signed by: W. B. 
Whalley, G. W. K. Cavill, S. Mongkolsuk. 

Martin, Robert Jack Louis, M.Sc. (Melbourne), Ph.D. (Lond.). British. 55, Serrell Street, East Malvern, 
S.E. 5, Melbourne, Australia. Research Officer, Division of Industrial Chemistry, C.S.I.R., Mel- 
bourne. Signed by : C. K. Ingold, E. D. Hughes, C. A. Vernon. 

Wiktor, Chem.Eng. (Warsaw). Polish. 12, Mayow Road, S.E. 23. Research 
Chemist, British Nylon Spinners Ltd. Signed by: E. F. MacTaggart, Hubert H. Chambers, 
A. R. Munden. 

Morgan, James Stanley, B.Sc. (L’pool). British. 80, Denleigh Gardens, East Molesey. Bacteriologist. 
Signed by : R. Barry Drew, Leslie G. Luker, A. R. Cluer. 

Murray, William Patrick, M.A. (Cantab.). British. c/o Mr. N. Maguire, 4, Cremore Park, Glasnevin, 
Dublin. Chemical Engineer. Signed by : E. A. Bassett, Max M. Wirth, Andrew McLean. 

*Nayler, John Herbert Charles, B.Sc. (Lond.), A.R.C.S. British. 31, Clowders Road, Catford, S.E. 6 
Research Chemist. Signed by : J. D. Johnson, P. A. Jenkins, D. O. Holland. 

*Parkins, John Christopher, B.Sc. (Lond.). British. 65, Mayfield Avenue, Orpington. Research 
Chemist. Signed by : J. F. J. Dippy, J. McGhie, V. Moss. 

Nineham, Alan Wallace, B.A. and B.Sc. (Oxon.). British. 45, Highfield Crescent, Hornchurch. 
Research Chemist, May and Baker, Ltd. Signed by : W.G. Leeds, Julius N. Ashley, D. D. Libman. 

Paul, Peter Ferguson Maclachlan, B.Sc. (Glas.). British. 278, Stirling Street, Duniface, Denny. 
Research Student, University of Oxford. Signed by: B. B. Elsner, J. C. Smith, J. K. Marsh. 

Ramsay, David William Crichton, B.Sc. (St. Andrews). British. c/o Beaton, 5, Netherhill Avenue, 
Netherlee, Glasgow, S. 4. Research Student. Signed by: J. A. Elvidge, Geoffrey T. Newbold, 
John Maclean, H. G. A. Anderson. 

*Shashoua, Victor. Iraqi. 16, Outwoods Drive, Loughborough. Chemistry Student. Signed by: 
G. Oldham, J. M. Connolly, C. Whitworth. 

Spice, John Edgar, B.Sc., M.A. and D.Phil. (Oxon.). British. 38, Linnet Lane, Liverpool, 17. Lec- 
turer, Department of Inorganic and Physical Chemistry, University of Liverpool. Signed by : 
W. B. Whalley, Chas. A. McDowell, C. E. H. Bawn. 

Spivey, Arthur Marshall, B.Sc. (Leeds), A.R.I.C. British. Thornroyd Station Road, Heckmondwike, 
Yorks. Research Chemist. Signed by : William Bradley, Arnold T. Peters, Edward Race. 

Stuart-Webb, John, B.Sc. (Lond.). British. 248, Sheen Lane, East Sheen, S.W. 14. Postgraduate 
research at King’s College, London. Signed by : Martin F. Ansell, A. Nechvatal, D. H. Hey. 

Taylor, George Vincent, A.R.I.C., A.M.C.T., A.M.I.Chem.E. British. Llanbedr Hall, Langstone, New- 
port. Production Manager, Monsanto Chemicals, Ltd. Signed by : W. D. Scott, J. W. Barrett, 
N. B. Dyson. 

*Tee, Peter Arthur Handbury. British. The Cottage, Horton, Small Dole. Student. Signed by : 
D. J. Elgar, T. J. Morrison, P. T. Beecham. 

Treacher, Norman Jacques, B.Sc. (Lond.). British. 111, Craddocks Avenue, Ashtead. Assistant 
Master. Part-time research student, Battersea Polytechnic. Signed by : J. Kenyon, C. L. Arcus, 
A. Houston. 

Trippett, Stuart, B.A. (Cantab.). British. Sidney Sussex College, Cambridge. Research Student. 
Signed by : N. V. Riggs, J. Davoll, B. Lythgoe. 

Turner, George. British. No. 4, Sankey Hill Flats, Earlestown, Newton-le-Willows. Senior Chemist 
to the Sankey Sugar Co., Ltd. Signed by : Malcolm Crawford, Arnold Cooksey, Ernest Foley. 
*Tyler, Geoffrey James, B.A. (Cantab.). British. University Chemical Laboratory, Cambridge. 

Research Student. Signed by : B. Lythgoe, J. P. E. Human, A. G. Long. 
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*Voss, David Lehmann, B.Sc.Tech. (Manc.). British. 367, Cheetham Hill Road, Manchester, 8. 
Demonstrator in Chemistry, University of Manchester. Signed by : J. Kenner, G. Baddeley, Nor- 
man Blakebrough. 

Walker, Eric, B.Sc. (Leeds), A.R.I.C. British. 35, Gordon Street, Linfit Hall, Linthwaite, Hudders- 
field. Postgraduate student in Chemistry, University of Leeds. Signed by: R. W. Saville, 
Frederick Challenger, W. A. Wightman. 

Wedgwood, Philip, B.Sc. (Leeds), F.R.I.C., M.Inst.Gas.E., M.Inst.F. British. 18, Watford Road, 
St. Albans. Chief Chemist, Watford and St. Albans Gas Co. Signed by : T. C. Battersby, Frank 
Wokes, Wm. Wed ; 

Whitcroft, Robert Jobn. British. Park Farm House, Westoning via Bedford. Chief Chemist, 
Production Tool Alloy Co., Ltd. Signed by : H. Holness, R. W. Jukes, James T. Richmond. 
*Wild, Alan, B.Sc. (Leeds), A.R.I.C. British. Department of Agricultural Chemistry, The University, 

Reading. Lecturer in Agricultural Chemistry. Signed by : J. Tinsley, Cyril Tyler, K. A. Hassall. 

Woollam, John Frederick, M.P.S. British. 35, Chastilian Road, Dartford. Pharmacist. Signed by : 
Henry G. Rees, P. O. Dennis, N. A. C. Pryce. 

*Wright, Peter. British. 63, Currier Lane, Ashton-under-Lyne. Student. Signed by : Colin Camp- 
bell, A. E. Gillam, T. H. Quibell. 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 


Om Prakash, B.Sc. (Punjab). Indian. P.O. Biharsharif, Patna, India. Postgraduate student 
of Patna University. Signed by: A. B. Lal. 

Aycock, Jane Chandler, B.A. (Oberlin). American. Department of Chemistry, University of Wis- 
consin, Madison, 6, Wisconsin, U.S.A. Graduate student in Organic Chemistry, University of 
Wisconsin. Signed oy : Homer Adkins, S. M. McElvain. 

Barvé, Parashvram Mahadeo, M.Sc. (Bombay). Indian. Wilson College, Bombay, 7, India. Pro- 
fessor of Chemistry, Wilson College. Signed by : K. Venkataraman. 

Beckmann, Peter, A.S.T.C., A.A.C.I. British. Technical College, Wollongong, New South Wales, 
Australia. Lecturer in Chemistry, Wollongong Technical College. Signed by : Geo. E. Mapstone. 

Chang, Frederic Chewming, A.B. (Columbia), A.M. and Ph.D. (Harvard). American. Lingnan Univer- 
sity, Canton, China. Professor of Chemistry, Lingnan University. Signed by: R. P. Linstead. 

Chittenden, Fayette Dudley, B.S. and Ph.D. (Yale). American. Naugatuck Chemicals, Naugatuck, 
Conn. Development Manager. Signed by : Foster Dee Snell, Ralph L. Evans. 

Drake, Berger Knutson. Swedish. Banérgatan 12A, Uppsala, Sweden. Research Assistant, Institute 
of Biochemistry, Uppsala. Signed by : Colin J. O. R. Morris. 

*Harnish, Donald Philip, Ph.D. (Rochester). American. Department of Chemistry, Columbia Univer- 
sity, New York 27, New York, U.S.A. Instructor of Chemistry. Signed by : David Y. Curtin. 

Luscher, Gottlieb, Dr.rer.nat. (Zurich). Swiss. Haco Ltd., Guemligen, Berne, Switzerland. Managing 
Director. Signed by: T. Reichstein. 

Johnson, William §., S.B. and Ph.D. (Mass.). American. Rohm & Haas Co., 5000, Richmond Street, 
Philadelphia, 37, Pa. Director of Research. Signed by : Ralph Connor, Ian C. Somerville. 

Parr, Percy Reginald, M.Sc. (N.Z.), F.N.Z.1.C. British. c/o Westfield Freezing Co., Ltd., Private 
Bag, Auckland, New Zealand. Chief Chemist, W. and R. Flecther (N.Z.), Ltd., Meat Exporters. 
Signed by : Alfred J. Parker. 


* Reduced annual subscription. 





PAPERS RECEIVED 
List of papers received between December 10th, 1948, and January 10th, 1949. 


“The polysaccharides of the Floridee. Floridean starch.”” By V. C. Barry, T. G. 
HALsALL, E. L. Hirst, and J. K. N. JONgs. 

“Some catalysed gas-phase reactions of aromatic hydrocarbons. Part V. Interconver- 
sion of alkylbenzenes. Disproportionation and cracking reactions.” By P. H. 
GIVEN and D. Li. HaMMIck. 

“Polycyclic aromatic hydrocarbons. Part LI. The synthesis of dinaphtho-pyrenes.”’ 
By E. Car. 

“ Synthetic antimalarials. Part XLII. The preparation of guanylureas and biurets 
corresponding to Paludrine and related diguanides.” By (the late) F. H. S. Curp, 
D. G. DAvey, and (Miss) D. N. RIcHARDsON. 

“Synthetic antimalarials. Part XLIII. Some dithiobiurets and 1: 2: 4-triazoles 
releated to Paludrine.” By (the late) F. H. S. Curp, D. G. Davey, (Miss) D. N. 
RICHARDSON, and (in part) R. DE B. ASHworRTH. 
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“ The reactivity of the alkylthio-group in nitrogen ring compounds. Part I. A general 
method for the preparation of symmetrical and unsymmetrical thiacyanines.” By 
J. D. KENDALL and H. G. SUGGATE. 

“‘ Experiments on the synthesis of the chelidonium alkaloids.” By H. S. Forrest, R. D. 
HawortTH, A. R. PINDER, and T. S. STEVENS. 

“ The mechanism of oxidation of monoethenoid fatty acids and esters. Union of gaseous 
oxygen with elaidic acid, methyl and n-propyl elaidates.”” By J. H. SKELLON and 
M. N. THRUSTON. 

“ Researches on acetylenic compounds. Part XX. Some reactions of the acetylenic- 
ethylenic aldehyde, 3-methylpent-2-en-4-yn-l-al.” By Sir IAN HEILsroy, E. R. H. 
Jones, and M, JULia. 

“‘ The molecular weight and limiting density of propane.’’ By F. L. Casapo, D. S. Massie, 
and R. WHYTLAW-GRAY. 

“Studies on nitroamines. Part I. The nitration of some methylenediamines.” By 
F, CHAPMAN. 

“Studies on nitroamines. Part II. The nitration of some methylenediamides and 
related compounds.” By R. C. BRIAN and H. LAMBERTON. 

“Studies on nitroamines. Part III. The reaction of nitroamines with formaldehyde.” 
By D. Woopcock. 

“Studies on nitroamines. Part IV. The reaction of nitroamines with formaldehyde 
and primary or secondary amines.” By F. CHapmMan, P. G. OwsTon, and 
D. Woopcock. 

“Studies on nitroamines. Part V. Some properties of hydroxymethyl- and amino- 
methyl-nitroamines.” By A. H. LAMBERTON, C. LINDLEY, P. G. OwsTon, and 
J. C. SPEAKMAN. 

“Studies on nitroamines. Part VI. The nitration of some aminomethylnitroamines.”’ 
By F. Cuapman, P. G. Owston, and D. Woopcock. 

“Studies on nitroamines. Part VII. The decomposition of methylenedinitroamine in 
aqueous solutions.” By A. H. LAMBERTON, C. LINDLEY, and J. C. SPEAKMAN. 

“‘ Studies on nitroamines. Part VIII. The dissociation constants of the primary dibasic 
nitroamines.” By C. LINDLEY and J. C. SPEAKMAN. 

“ Attempts to find new spasmolytica. Part VIII. Synthesis of 3-alkyl- and of 3-phenyl- 
6 : 7-diethoxyisoquinolines.”’ By G. Fopor, J. Kiss, and M. SZEKERKE. 

“Fluorescence spectra of polycyclic aromatic hydrocarbons in solution.’”’ By (Miss) 
R. ScHOENTAL and E. J. Y. Scort. 

“ Relative rates of hydrogenolysis.”” By J. G. M. BREMNER and R. K. F. KEeys. 

“Studies in the polyene series. Part XXVIII. The structure of the C,,-aldehyde 
derived from £-ionone and its use for the synthesis of norvitamin A and isovitamin A 
derivatives.” By C. W. H. CHEESEMAN, SiR IAN HEILBRON, E. R. H. JONEs, 
F, SONDHEIMER, and B. C. L. WEEDON. 

“ Respiratory stimulants. Part II. Fully substituted bisureas derived from 2: 2’- 
diaminodiethyl ether and 1 : 3-diamino-2-alkoxypropanes.” By W. R. Boon. 

“ Keto-enol equilibria of ethyl acetoacetate in solution. Dielectric polarisation 
indications.” By R. J. W. LE FEvre and H. WELsu. 

“ Thiol-thione tautomerism of 5-amino-2-mercaptothiazoles.” By E. S. STERN. 

“ The stereochemistry of some aromatic ethers.” By K. B. EVERARD and L. E. Sutton. 

“The dipole moments of some aliphatic aldimines, with special reference to the moment 
of the C-N bond.” By K. B. Everarp and L. E. Sutton. 

“ The ethoxyfluorosilanes.”” By H. J. EMELzus and A. G. HEAL. 

“The chemistry of fungi. Part VIII. The oxidation of methylene groups in compounds 
analogous to O-dimethylcitromycin.” By G. W. K. Cavitt, A. RoBERTson, and 
W. B. WHALLEY. 

“ The Fischer indole synthesis. Part I.” By C.S. Barnes, K. H. PAUSACKER, and C. I. 
SCHUBERT. 

“‘ The Fischer indole synthesis. Part II.” By K. H. PAUSACKER and C. I. SCHUBERT. 

“ Aryl-2-halogenoalkylamines. Part II.” By J. L. Everett and W. C. J. Ross. 





“The Senecio alkaloids. Part III. 


isomerism of retronecic acid and isatinecic acid.” 


ll 


The structure of retrorsine and isatidine and the 
By S. M. H. Curistre, M. Krop- 


MAN, E. C. LEISEGANG, and F. L. WARREN. 


“The enzymic synthesis and degradation of starch. Part IV. 
storage of the Q-enzyme of the potato.” 


S. PEAT. 


“ The enzymic synthesis and degradation of starch. Part V. 
By S. A. Barker, E. J. Bourne, and S. Peart. 
Part I.” 


on starch and its components.” 
“ Methyl-substituted long-chain acids. 
Sir ROBERT ROBINSON. 
“ Methyl-substituted long-chain acids. 
and E. SErjo. 


“ The preparation of symmetrical aromatic triamines and tritsocyanates.”’ 


R. MAcGILLivray, and J. MuNRo. 


Part III.” 


The purification and 
By S. A. Barker, E. J. Bourne, and 


The action of Q-enzyme 
By S. Davin, N. Potcar, and 
By N. PoLcar, SiR ROBERT RoBInson, 


By J. E. Gru, 


“The Senecio alkaloids. Part IV. The structure of retronecic and isatinecic acids.” 
By S. M. H. Curistie, M. Kropman, L. NovVELLIE, and F. L. WARREN. 


“ A contribution to the study of the Mills—Nixon effect. 


Dipole moments of 1 : 3-dioxa- 


indane, 1 : 4-dioxatetralin, and of some of their nitro- and bromo-derivatives.” 
By H. D. SprinGALL, G. C. HAmpson, (in part) C. G. May, and H. Speppinc. 


“Epimeric alcohols of the cyclohexane series. Part VIII. 


”? 


4-methyl-cyclohexanols. 


“Some physical properties of tetranitromethane.” 
The solvent-effect theory and its application to the 


“ Atom polarisation. Part I. 


molecular refraction and polarisation of m-paraffins in the liquid state.” 


A. AUDSLEY and F. R. Goss. 


“A synthesis of acylamidomalondialdehydes.”’ 


Inactive 2-methyl- and 


By L. M. Jackman, A. K. MacBETH, and J. A. MILLs. 


By A. J. C. NicHOLson. 
By 


By J. W. Cornrortu, (Miss) E. Fawaz, 


L. J. GOLDsworTHY, and SIR ROBERT ROBINSON. 


“The reaction of bromine with silver (+-)-a-phenylpropionate. 
By C. L. Arcus, A. CAMPBELL, and J. KENyon. 
By N. CAMPBELL and H. WANG. 


molecular substitution.” 
“ Syntheses in the fluoranthene series.”’ 


An electrophilic bi- 


“ Arylazotriarylmethanes and tetra-arylsuccinic dinitriles as catalysts in addition poly- 


merisation.”’ 


By D. H. Hey and G. S. Misra. 


“Some guanidine and diguanide derivatives.” By R. Royer. 


‘“‘ Aminohydroxynaphthoic acids. Part I. 
acid (‘ carboxy y-acid ’).” 


Synthesis of 6-amino-4-hydroxy-2-naphthoic 
By W. F. BEEcH and N. Lecce. 





ADDITIONS TO LIBRARY 


I. Donations 


FIAT Review oF GERMAN SCIENCE 1939— 
1946. Electronics, including fundamental 
emission phenomena. Part I. By G. Gov- 
BAU and J. ZENNECK. Wiesbaden 1948. 
pp. [viii] + 295. ill. (Recd. 5/1/49.) 

From the Department of Scientific and 
Industrial Research. 

MontER-WItiiaMs, G. W. Trace elements 
in food. London 1949. pp. viii + 511. 
Chapman & Hall. 30s. (Recd. 10/1/49.) 

From the Author. 

Pieters, H. A. J., and CREYGHTON, J. W. 
Veiligheid en chemie; wenken en voorschriften 
ter bevordering van de veiligheid in het 
scheikundig laboratorium. Heerlen 1947. pp. 
xvi + 306. ill. (Recd. 21/12/48.) 


ScuuttzzE, O. W. Uber stereoisomere Di- 
azocyanide und iiber Derivate von Diazo- 
karbonsaiiren. .Wirzburg 1896. pp. 53. 
(Recd. 3/1/49.) From Dr. E. M. Meade. 

Zinc DEVELOPMENT ASSOCIATION. Z.D.A. 
Abstracts: a review of recent technical liter- 
ature on the various uses of zinc and its 
products. Vol. 6, No.7, etc. Oxford 1948 +. 
(Recd. 20/12/48.) From the Director. 


II. By Purchase 


AMERICAN INSTITUTE OF Puysics. High- 
polymer physics: a symposium. Edited by 
H. A. Ropinson. Brooklyn 1948. pp. xiv + 
572. ill. Chem. Pub. Co. $12.00. (Recd. 
23/12/48.) 





AMERICAN SOCIETY FOR TESTING MATE- 
RIALS. Petroleum products as related to auto- 
motive equipment. Philadelphia 1948. pp. 
[ii] + 52. ill. AS.T.M. $1.00. (Reference.) 

Symposium on paint and paint 
materials (1947). Philadephia 1948. pp. [iv] 
+115. ill. A.S.T.M. $2.00. (Reference.) 

Committee E-2 on Spectrographic An- 
alysis. Index to the literature on spectro- 
chemical analysis 1920—1939. 2nd edition. 
By W. F. Meccers and B. F. ScrIBNER. 
Philadelphia 1941. pp. {ii} + 94. A.S.T.M. 
$1.50. (Reference.) 

—— Index to the literature on spectro- 
chemical analysis. Part II, 1940—1945. 
By B. F. Scripner and W. F. MEGGERs. 
Philadelphia 1947. pp. iv + 180. A.S.T.M. 
$3.00. (Reference.) 

Committee E-2, Subcommittee on Stan- 
dards and Pure Materials. Report on stan- 
dard samples for spectrochemical analysis. 
Philadelphia 1947. pp. vi+ 23. A.S.T.M. 
$1-25. (Reference.) 

Braacc, Sir L. (Editor). 
state. Vol. II. 
diffraction of X-rays. 
London 1948. pp. 
80s. (Recd. 21/12/48.) 

Huntress, E, H. The preparation, pro- 
perties, chemical behaviour, and identification 
of organic chlorine compounds; tables of 
data on selected compounds of order III. 
New York 1948. pp. xxvi + 1443. Wiley. 
$27.50. (Reference.) 

Jacoss, M. B. Synthetic food adjuncts; 
synthetic food colors, flavors, essences, sweet- 
ening agents, preservatives, stabilizers, vit- 
amins, and similar food adjuvants. New 
York 1947. pp. x + 335. Van Nostrand. 
$5.50. (Recd. 21/12/48.) 

James, T. H., and Higgins, G. C. Fund- 
amentals of photographic theory. New York 
1948. pp. viii + 286. ill. Wiley. $3.50. 
(Recd. 22/12/48.) 

KirscHBauM, E. Distillation and _ recti- 
fication. Translated by M. WULFINGHOFF. 
Brooklyn 1948. pp. xiv + 426. ill. Chem. 
Pub. Co. $10.00. (Recd. 22/12/48.) 

MINISTRY OF FUEL AND PowER. Fuel 
Efficiency Committee. Fuel and the future; 
proceedings of the conference held in 1946. 
3 vols. London 1948. pp. vi + 370; vi + 
374; vi+2ll. ill HMS.O. 15s. 6d. 
(Recd. 3/1/49.) 


The crystalline 
The optical principles of the 

By R. W. JAMEs. 
xvi -+ 623. ill. Bell 
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Movreu, C., and CuHovin, P. Notions 
fondamentals de chimie organique. 11th 
edition. Paris 1946. pp. xxx + 828. Gau- 
thier-Villars. Fr. 800. (Recd. 16/12/48.) 

Norturop, J.H., Kunitz, M.,and HERri0o11, 
R. M. Crystalline enzymes. 2nd edition. 
New York 1948. pp. xxii + 352. ill. Col- 
umbia Univ. Pr. $7.50 (Recd. 22/12/48.) 

Ratston, A. W. Fatty acids and their 
derivatives. New York 1948. pp. x + 986. 
Wiley. $10.00. (Recd. 22/12/48.) 

Reitty, J., and Rag, W. N. Physico- 
chemical methods. Vol. III (supplementary). 
London 1948. pp. x + 697. ill. Methuen. 
55s. (Recd. 5/1/49.) 

Rost, E., and Esert, A. Unfalle beim 
chemischen Arbeiten. 2nd edition. Zirich 
1947. pp. viii + 403. Rascher. Sw.Fr. 21. 
(Recd. 7/1/49.) 

SmitH, F. J., and Jonges, E. A scheme of 
qualitative organic analysis. London 1948. 
pp. viii + 320. ill. Blackie. .17s. 6d. (Recd. 
21/12/48.) 

STIEGER, A. Elektrochemie. Part I. 
Theoretische Grundlagen. Zirich 1947. pp. 
138. ill. Rascher. Sw.Fr. 7.50. (Recd. 
7/1/49.) 

UNION INTERNATIONALE DE CHIMIE. Com- 
mission internationale des réactions de réactifs 
analytiques noveaux. Tableaux des réactifs 
pour l’analyse minérale. 3me. rapport. 
Paris 1948. pp. xii + 204. (Reference.) 66s. 

UniTED States. Office of Scientific Re- 
search and Development. Chemistry: a his- 
tory of the chemistry components of the 
National Defense Research Committee 1940— 
1946. Edited by W. A. Noyes, Jr. (Science 
in World War II.) Boston 1948. pp. xx + 
524. ill. Little, Brown. $6.00. (Recd. 
22/12/48.) 


Ill. Pamphlets 


PuysicaAL Society. Colour Group Com- 
mittee. Report on colour terminology. Lon- 
don 1948. pp. [iv] + 56. 

Roya. INSTITUTE OF CHEMISTRY OF GREAT 
BRITAIN AND IRELAND. Lecture on the new 
fluorocarbon chemistry. By M. Stacey. 
London 1948. pp. 15. 

UNITED NATIONS. Drug Supervisory 
Board. Estimated world requirements of 
narcotic drugs in 1948, and Ist supplement. 
Geneva 1947—1948. pp. 41, 11. 
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THE CHEMICAL SOCIETY 





SCIENTIFIC MEETINGS DURING APRIL, 1949 
LONDON. 
Thursday, April 28th, 1949, at 7.15 p.m. 
The following papers will be read and discussed : 





“Charge distribution and bond orders in aminostilbene and related molecules.” 
By C. A. Coulson and (Miss) J. Jacobs. 


“The Gatterman-Koch reaction. Parts I and II.” By M. H. Dilke and D. D. 
Eley. 


“The reaction of methyl radicals with olefines. Parts I, II, and III.” By 
C. J. Danby, Sir Cyril Hinshelwood, and F. A. Raal. 


Preprints of abstracts of the papers for discussion may be obtained on application to the 
General Secretary. 


HULL. 
Thursday, April 28th, 1949, at 6 p.m. 


Lecture, Some Recent Developments in the Chemistry of Natural Products, by 
Professor R. D. Haworth, D.Sc., F.R.S. 


Joint meeting with the University College Scientific Society to be held in the Science Lecture 
Theatre of University College. 





ST. ANDREWS AND DUNDEE. 
Thursday, April 7th, 1949, at 5.30 p.m. 


Lecture, Some Recent Advances in Surface Chemistry, by Dr. A. E. Alexander. 
To be held in the Chemistry Department of University College, Dundee, 





Friday, April 29th, 1949, at 5.15 p.m. 


Lecture, Recent Developments in the Chemistry of Glutamic Acid and its Compounds, 
by Professor F. E. King, M.A., D.Sc. 


To be held in the Chemistry Department, United College, St. Andrews. 








PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY 





Minutes of a 
SCIENTIFIC MEETING 


held in the Chemistry Lecture Theatre of King’s College, Newcastle-on-Tyne, 
on Friday, January 28th, 1949, at 5 p.m. 


Sir JOHN SIMonsEN, D.Sc., F.R.S., Honorary Secretary, was in the Chair. 


Professor W. E. Curtis, F.R.S., Sub-Rector of King’s College, welcomed the Society 
to the College for an Official Meeting. The Chairman thanked Professor Curtis for his 
cordial message and expressed the President’s regret at not being able to attend the 
Meeting. 


FORMAL ADMISSION OF FELLOWS. 

The following were admitted Fellows of the Society : Eric Chicken, A. Eric J. Vickers, 
Ernest E. Aynsley, G. R. Nellist, John C. Moseley, H. J. Vipond, C. W. Humphrey, F. K. 
Duxbury, B. Davison, W. S. Short, W. A. W. Cummings. 


TILDEN LECTURE. 

After a brief introduction, the Chairman called upon Professor F. E. King to deliver 
the Tilden Lecture entitled, ‘‘ Three- and Four-membered Heterocyclic. Rings.” At the 
conclusion of the lecture a vote of thanks to the Lecturer, proposed by Professor G. R. 
Clemo, was carried with acclamation. 

Dr. P. L. Robinson, Local Representative, then thanked Sir John Simonsen for taking 
the Chair, and the Society for arranging to hold an Official Meeting. The Chairman 
acknowledged his kind remarks. 





Minutes of a 
SCIENTIFIC MEETING 


held at Burlington House, London, W.1, on Thursday, February 3rd, 1949, 
at 7.15 p.m. 


The President, Str IAN HE1LBRon, D.S.O., D.Sc., LL.D., F.R.S., was in the Chair. 


MINUTES. 


The Minutes of the Meeting held at the Royal Institution on Thursday, January 20th, 
1949, and of the Meeting held at King’s College, Newcastle-on-Tyne on Friday, January 
28th, 1949, were read, and were confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 

The following were admitted Fellows of the Society: A. W. Pross, D. W. Tanner, 
K. E. Howlett, G. A. Way, Neville D. Lee, H. Jacobs, P. Falcon Uff, Norman Lindop, 
R. H. Ottewill, V. G. Curnow, M. G. Sheppard, Robert F. Armitage, William F. Jervis, 
W. B. Pearson, A. M. Freedman, E. D. Totman, L. Friedler, D. Y. Waddan, K. A. Stacey. 
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JOHANNES NICOLAUS BRONSTED MEMORIAL LECTURE. 

After a brief introduction the President called upon Mr. R. P. Bell to deliver the 
Johannes Nicolaus Brgnsted Memorial Lecture. At the conclusion of the lecture, a vote 
of thanks to the Lecturer, proposed by Professor E. K. Rideal, was carried with 
acclamation. 





Minutes of a 
SCIENTIFIC MEETING 


held in the Main Chemistry Lecture Theatre of Imperial College of Science and Technology, 
London, S.W.7, on Thursday, February 17th, 1949, at 7.30 p.m. 


The President, Str IAN HEILBRON, D.S.O., D.Sc., LL.D., F.R.S., was in the Chair. 


MINUTES. 


The Minutes of the Meeting held at Burlington House on Thursday, February 3rd, 
1949, were read, and were confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 


The following were admitted Fellows of the Society: G. D. Hunter, J. R. A. Pollock, 
A. F. Daglish. 


LECTURE. 


After a brief introduction the President called upon Professor Dr. V. Prelog to deliver 
the lecture entitled, “‘ Recent Developments in the Chemistry of Macrocyclic Compounds.” 

The lecture was followed by a Discussion, and a vote of thanks to the lecturer, proposed 
by the President, was accorded with acclamation. 





OFFICIAL ANNOUNCEMENTS 
DEATHS. 


The Council regret to announce the deaths of the following Fellows : 


Elected. Died. 

ohn Sabine Adriance (Tenby) Dec. 3rd, 1885. an. 5th, 1934. 
illiam Smellie Anderson (Purley) Dec. 16th, 1892. an. 17th, 1949. 
Arthur Hadley (Bristol) June 7th, 1894. an. 17th, 1949. 
Gustav Kommpa (Finland) Dec. Ist, 1904. an, 20th, 1949. 

Frank Stanley Linnch (Stowmarket) ... Oct. 19th, 1939. . 5th, 1948. 
Lord Melchett of Landford (S.W.1) ose - 16th, 1933. ee 22nd, 1949. 
ames O’Mara (Co. Dublin) ay 2nd, 1912. ov. 21st, 1948. 

homas Stewart Patterson (Glasgow) ... Feb. 17th, 1904. Feb. 4th, 1949. 


CONGRATULATIONS. 


The President has conveyed the congratulations of the Society to the following Fellows 
who completed fifty years of Fellowship on February 16th, 1949: 


Samuel William Allworthy (Belfast). 
Rev. Canon Stuart Blofeld (Birmingham). 
a Hennessey Bowles Copel. ton). 
Estcourt Sekcourt ( 

Sir ivian Gabriel (New York). 
Sir Harold Hartley (W. 1). 
Thomas Anderson Henry (S.W. 6). 
es McCracken (Glasgow). 

homas Mackenzie (Inverness). 


are Henry Pize oy Wembley). 


ames Roberts (Glasgow). 
Arnold enter (Eastbourne). 
Henry Fox White (Bristol). 
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QUARTERLY REVIEWS 1947. 


The issues which comprise Volume I (1947) of Quarterly Reviews have been reprinted 
and are now available. For a limited period copies may be obtained by Fellows at the 
scheduled price of 12s. 6d. post free. Application should be made to the General Secretary. 


NOMINATIONS FOR VACANT PLACES ON COUNCIL, 1949—50. 


The following is the list of nominations for vacant places on the Council which are 
due to be filled at the Annual General Meeting on March 3lst, 1949: 


(a) Vice-Presidents, who have not filled the Office of President. (Zwo vacancies.) 


PROFESSOR J. W. Cook. 
ProFEssoR C. W. DAVIES. 
Dr. H. KInc. 

ProFessor G. A. R. Kon. 
PrRoFEssOR H. W. MELVILLE. 
PROFESSOR E. E. TURNER. 
PROFESSOR W. WARDLAW. 


(b) Honorary Secretary. (One vacancy.) 
PROFESSOR H. BuRTON. 


(c) Elected Ordinary Members of Council. 
Constituency I. (South-East England.) (Five vacancies.) 


Dr. M. P. BALFE. 

Dr. H. J. BARBER. 

Dr. IsHBEL G. M. CAMPBELL. 
Dr. G. M. CHEESMAN. 

Dr. F. S. DAINTON. 

Dr. D. C. JONEs. 

Dr. R. SPENCE. 

Dr. A. I. VOGEL. 

Dr. J. WALKER. 

Dr. W. A. WATERS. 
PROFESSOR GWYN WILLIAMS. 


Constituency II. (Central and South-West England and South Wales.) (One 
vacancy.) : 
PROFESSOR M. STACEY. 


Constituency III. (North-West England, North Wales and the Isle of Man.) 
(Two vacancies.) 


Provessor C. E. H. Bawn. 
Dr. J. D. Rose. 
Dr. A. F. WELLs. 


Constituency V. (Scotland.) (One vacancy.) 
Dr. E. G. V. PERCIVAL. 


Ballot papers have been despatched to Fellows. 
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ELECTION OF NEW FELLOWS. 


The following 85 candidates were elected Fellows of the Society on February 17th, 
1949 : 


Boushra Jacoub Abadir. Peter John Killingback. 


David er. Norman Kirby. 
Clifford Younger Almond. Royal Albert ee 
Douglas Ambrose. Bernard William Langley. 
Derek Raymond Augood. Leonard Horace Leighton. 
Joseph eo sone Herbert Alain Leisten. 
nard William Baldwin. enneth George Mason. 

Irene Margaret Barrett. Kurt Heinrich Meyer. 
a Robert Belbin. uliusz Konrad Norymberski. 

eter Ara Boyadjian. enneth Norman Palmer. 
Harold Booth. Kenneth Bartlett Parry. 
Robert Cecil Bray. ine Anthony Parsons. 
Arnold David Bridge. ' orman Robert Payne. 
Sydney Samuel Brown. Ronald Sidney Peachey. 
Petter Edward Bugge. David Charles Pepper. 
George Albert Carpenter. Norman Hunt Pratt. 
John Frederick Cavalla. Oliver Edmund Pratt. 
Alma Aranshew Christie. Bhupendra Nath Ray. 
Edgar Collinson. Anthony Robert Roberts. 
Alfred Conn. Paul Gerhardt Scheurer. 
Geoffrey Bernard Courtier. Keith Sellars. 
John Edward Cummins. Mabel Jean Sherlock. 
Alan Stewart Curry. Harold Balkaran Singh. 
Wilfrid George Duncombe. Leslie James Harris Slack. 
Bertram Stanley Dunkerton. Harold Cecil Smith. 
Katherine East. Louis Henry Stein. 
joose® Edwards. Calvin Lee Stevens. 

ussell Faenor Evans. David Gordon Stewart. 
Robert Macleod Galloway. Francis Gordon Albert Stone. 
Alexander Ramsey Maund Gibb. Hans Edgar Strauss. 
Richard Holroyd Glauert. 
Norman Neill Greenwood. 
Peter Grieve. . 
Herbert Gutfreund. Raymond Arthur Tingey. 
Frank John Turner Harris. Allan George Turner. 
—— Frederick Harrop. Robert Hilton Wake. 

onald Arthur Heacock. Alan Waller Walton. 
Sigismund Markstein Herschdoerfer. ohn Rudyard Warner. 
— Howard. olomeus Meindert Wepster. 

win Davis Huckstepp. Kenneth Masewell Weston. 

Michael John Hulatt. Robert James Woods. 


Kathleen Mary Jackson. William Leonard Young. 
Warren Johnson. 


RESEARCH FUND. 


A meeting of the Research Fund Committee will be held in June next. 

Applications for Grants, to be made on forms obtainable from the General Secretary, 
must be received on or before May 10th, 1949. Applications from Fellows will receive 
prior consideration. 

Attention is drawn to the fact that the income arising from the Donation of the 
Worshipful Company of Goldsmiths is principally devoted to the encouragement of 
research in Inorganic and Metallurgical Chemistry and that the income from the Perkin 
Memorial Fund is to be applied to investigations relating to problems connected with the 
Coal Tar and Allied Industries. 


EDITORSHIP. 


Dr. R. S. Cahn has been appointed to succeed Dr. J. E. Driver as Editor of the Society’s 
publications and takes up his duties on March Ist, 1949. Dr. Driver has been appointed 
to the Chair of Chemistry of the University of Hong Kong. 





18 


MEETING OF COUNCIL. 


A Meeting of Council was held on the February 17th, 1949. 

The Annual Report of Council for 1948, including the Report of the Publication 
Committee and the Joint Library Committee was under consideration and was approved. 

The thanks of Council were expressed to the following who had made gifts of the 
Society’s publications: Dr. L. F. Gilbert, Mr. H. H. Hughes, Mr. G. S. Ward, and Messrs. 
Eastmans Ltd. 

The President reminded Council that Dr. Driver was giving up his appointment as 
Editor at the end of the month and referred to the outstanding service which Dr. Driver 
had rendered the Society. The successful manner in which the post-war increase in the 
rate of publication had been accomplished was due in no small degree to the enthusiasm 
with which he had approached the task. The President agreed to convey the thanks of 
Council to Dr. Driver. 

Certain items of a formal and financial nature were dealt with. 


LIBRARY. 


The Library will be closed for the Easter holiday from 1 p.m. Thursday, April 14th, 
1949, until 10 a.m. Wednesday, April 20th, 1949. 


SOCIETY FOR VISITING SCIENTISTS. 
The Society for Visiting Scientists, 5 Old Burlington Street, London, W. 1, has the 
following aims : 

(1) To be a focus for all scientists visiting the United Kingdom, and to put them 
in touch with British scientists and with one another, and make them feel at home in 
the shortest possible time. 

(2) To promote and encourage an active interchange of scientific thought and 
discussion between scientists of the United Kingdom and scientists from overseas. 

(3) To provide a centre in London where British scientists can meet. 


Membership is open to scientists and others who have an interest in and a contribution 
to make to relations with scientists overseas. Scientists from overseas are admitted to 
membership immediately on application after arriving in Great Britain. Applications 
from Home British scientists are submitted to the Executive Committee for acceptance. 

The annual subscription for members who reside in the United Kingdom is Three 
Guineas. Further particulars may be obtained from The Assistant Secretary, The Society 
for Visiting Scientists, 5, Old Burlington Street, London, W. 1. 


BRITISH STANDARDS INSTITUTION. 


The following drafts of British Standards Specifications have been received for technical 
comment : 


CK(LBC)1068—Proposed Extension of the “E” Series of Thermometers in 
B.S. 593. 
CK(C)1050 —Draft British Standard Specification of pH Scale. 


These have been placed in the Library, and Fellows wishing to make technical comment 
are requested to do so before March 26th, 1949, in the case of the former, and May 9th, 
1949, in the case of the latter, to the British Standards Institution, 28, Victoria Street, 
London, S.W. 1. 





MEETINGS OUTSIDE LONDON 
EDINBURGH. 


“Some Recent Advances in the Chemistry of Natural Products,” by Professor R. D. 
Haworth, D.Sc., F.R.S. 


A joint meeting with the Edinburgh University Chemical Society and the local sections 
of the Royal Institute of Chemistry and the Society of Chemical Industry was held in the 
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Biochemistry Lecture Theatre of the University on February 8th, 1949, with Mr. R. A. 
Hamilton in the Chair. 

Professor Haworth discussed the constitutions of purpurogallin and conessine. At 
the conclusion of the lecture Mr. A. Woodham proposed a vote of thanks to Professor 
Haworth which was carried with enthusiasm. 


NOTTINGHAM. 
“Some Aspects of Structural Inorganic Chemistry,” by Dr. A. F. Wells, M.A. 


A joint meeing with the University of Nottingham Chemical Society was held in the 
Chemistry Department of the University on January 27th, 1949, with Dr. C. C. Addison 
in the Chair. 

Dr. Wells discussed the occurrence and significance of hydrogen bonds in crystal 
structure and then proceeded to a discussion of the structure of some cupric compounds, 
The lecturer concluded his remarks with an interesting criticism of the growing tendency 
of placing too great a reliance on comparative bond-lengths in the interpretation of 
structure. 

A vote of thanks proposed by Dr. M. H. Everdell was carried with enthusiasm. 


SOUTHAMPTON. 


“Some Aspects of Recent Work at the Chemical Research Laboratory, Teddington,” 
by Dr. R. P. Linstead, C.B.E., F.R.S. 


A joint meeting with the Chemical Society of University College, Southampton, was 
held in the Physics Department of University College, on January 28th, 1949, with Mr. E. 
Cartmell in the Chair. 

Dr. Linstead began by describing briefly the nature and functions of the Chemical 
Research Laboratory, illustrating his remarks with views of buildings and equipment. 
He passed on then to discuss in some detail three selected topics that are being worked 


on at present in the Laboratory, the corrosion of ferrous metals by anaerobic bacterial 
processes, the production of very pure organic compounds and the measurement of their 
fundamental thermodynamic constants, and finally the application of partition chromato- 
graphy (or paper chromatography) to the qualitative and quantitative separation of 
inorganic ions. The lecture was illustrated by slides and samples. A discussion was 
followed by a vote of thanks to Dr. Linstead, proposed by Dr. I. G. M. Campbell, and 
accorded with acclamation. 


“ Food Science in Evolution,” by Dr. L. H. Lampitt, F.R.L.C. 


A joint meeting with the Mid-Southern Counties Section of the Royal Institute of 
Chemistry, the Society of Chemical Industry, including the Food Group, and the Ports- 
mouth and District Chemical Society was held in the Municipal College, Portsmouth, on 
February 2nd, 1949, with Mr. G. E. Gale in the Chair. 

Dr. Lampitt dealt with many different aspects of food science, and in particular, with 
developments during the past decade or so in food standards, the conservation and investig- 
ation of vitamin contents in foodstuffs, techniques of food preservation such as dehydration 
and quick freezing, and a number of related topics. A discussion followed and a vote of 
thanks to Dr. Lampitt, proposed by Dr. K. R. Webb, was accorded with enthusiasm. 





LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objections to the election of these candidates should communicate with the 
Honorary Secretaries within ten days of the date of publication of the Journal for February, 1949. 
Such objections will be treated as confidential. The forms of application are available in the Library.) 


*Ames, Donald Edward, B.Sc. (Lond.), A.R.I.C. British. 4, Coney Hill Road, West Wickham. 
Research Student, Birkbeck College. Signed by : Wm. Wardlaw, R. E. Bowman, W. Rigby. 
Anderson, David Grant, B.A. (Oxon.). British. Little Orchard, Jackstraws Lane, Headington, Oxford. 

University Student. Signed by : W. A. Waters, S. G. P. Plant, S. B. Turner. 
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B.Sc. (Lond.), A.R.I.C. British. 2, Crowther Road, S.E.25. Research Student. 
Signed by : J. W. Griffin, A. J. B. Edgar, L. Crombie. 
*Barrott, Jack. British. 73, Sherrington Road, Sheffield, 7. Student, University of Sheffield. 
Signed by : Alex. H. Lamberton, H. D. Turner, P. L. Pauson. 
*Bather, John Maxwell, B.Sc. (L’pool). a 26, Shore Road, Ainsdale, nr. Southport. Research 
Chemist. Signed by : W. B. Whalley, R. J. S. Beer, A. McGookin. 
Beckett, Arnold Heyworth, B.Sc. (Lond.), Ph. C.. A.R.LC. British. 136, Elibank Road, Eltham Park, 
S.E.9. Assistant Lecturer, University of London. Signed by : L. K. Sharp, G. Williams, David 
W. Mathieson. 


Bell, Maurice. British. 559, Sticker Lane, Dudley Hill, Bradford. Senior Chemist, Cleckheaton 
Chemical Company. Signed by: R. E. Dean, R. Gill, S. Pickles. 

Bourne, Leopold Bressloff, M.R.C.S., L.R.C.P. British. 54, South Lodge, Circus Road, St. John’s 
Wood, N.W. 8. Senior Medical Officer, A. C. Cossor Ltd., and subsidiary companies. Signed by : 
S. Gottfried, R. E. Goldsbrough, M. Briscoe. 

*Broadbent, Peter, B.Sc. (L’pool). British. 12, Arranmore Road, Mossley Hill, Liverpool, 18. 
Research Student, University of Liverpool. Signed by: W. B. Whalley, G. W. K. Cavill, 
A. McGookin. 

*Calderbank, Alan. British. 46, Wellington Street, Oldham. Laboratory Assistant. 
G. Swain, N. Barton, E. H. P. Young. 

Camiglieri, Willy, D.Chem. (Florence). British. 1, Pope Street, Bulkeley, Ramleh, Egypt. Chemist, 
Siouf Water Works, Alexandria Water Co. Signed by : Yousef Iskander, Mostafa M. Hafez, 
Gabra Soliman. 

Chappell, Eric Isherwood. British. 19, Partington Street, Hazelhurst, Worsley, nr. Manchester. 
Chemistry Student, University of Manchester. Signed by: Colin Campbell, E. R. H. Jones, 
J. B. M. Herbert. 

i Frederick Everrett. British. 96, Warren Drive, Tolworth, Surbiton. Chemist engaged in 
Testing and Research on Building Materials. Signed by : Leslie H. Lampitt, E. H. Ellis, F. J. 
Griffin. 

Coles, Gerald Vivian. British. 43, Fairfield Avenue, Victoria Park, Cardiff. Student. 
N. M. Cullinane, S. T. Bowden, H. L. Bassett. 

Cottrell, Helen Joyce, B.Sc. (Lond.), A.R.I.C. British. 12, Lyndhurst Drive, Romford. Research 
Chemist. Signed by : M. B. Green, C. A. Long, H. J. Barber. 

Coulson, Charles Barrie. British. Crewe Hall, Clarkehouse Road, Sheffield, 10. Student. Signed by : 
P. L. Pauson, G. Walker, A. H. Wragg. 

Coussens, Roger Pierre Jean. Certificate of Pharmacy (Ghent). Belgian. St. Pieters-Aalst Straat, 1, 
Ghent. Biochemical Assistant, Veterinary College, Ghent. Signed by : A. P. Wade, Chas. F. M. 
Rose, A. E. Kellie. 

Cross, Michael John. British. 15, DeMontfort Road, Streatham, S.W.16. Chemistry Student, 
University of Oxford. Signed by : W. A. Waters, James B. Duthie, L. A. K. Staveley. 

*Culvenor, Claude Charles Joseph, M.Sc. (Melbourne). British. Dyson Perrins Laboratory, South 
Parks Road, Oxford. Research Student, University of Oxford. Signed by: N. Polgar, W. A. 
Waters, A. J. Birch. 

*Davidson, Walter Lamb, B.Sc. (St. Andrews). British. 22, Southesk Street, Brechin, Angus. 
Research Student. Signed by : H. T. Openshaw, James Y. Macdonald, John Read. 

*Davis, Anthony Charles, B.Sc. (Lond.), A.R.C.S. British. Oakleigh Cottage, Godstone. 
Student. Signed by: I. M. Heilbron, A. H. Cook, A. L. Levy. 

Davis, Eric Noel. British. 14, Orchard Avenue, New Malden. Editorial Chief of ‘‘ The Chemical 
Trade Journal and Chemical Engineer.’’ Chairman and Managing Director of the owning Company. 
Signed by : J. Davidson Pratt, H. Jephcott, Percy C. C. Isherwood. 

*Dean, Francis Medcalf, B.Sc. (L’pool). British. 33, Springbourn Road, Aigburth, Liverpool, 17. 
Research Student, University of Liverpool. Signed by : W. B. Whalley, A. McGookin, G. W. K. 
Cavill. 

Edwards, Arnold John, B.A., and B.Sc. (Oxon.), A.R.I.C. British. 29, South Road, Kingswood, 
Bristol. Research Chemist. Signed by: D. J. Carter, G. E. Coates, K. E. Fowley. 

*Faulkner, Raymond Noel, B.Sc. (Dunelm). British. c/o 2, Elmers Drive, Teddington. 
Chemist. Signed by: D. A. Sutton, L. A. Jordan, E. W. M. Fawcett. 

*Few, Alan Victor, B.Sc. (Lond.). British. 132, Westwood Park, Forest Hill, S.E.23. Research 
Student, Battersea Polytechnic. Signed by : C. L. Arcus, J. Kenyon, J. W. Smith. 

Fletcher, Michael Frederick, B.Sc. (Lond.). British. Highways Hostel, Balshaw Lane, Euxton, nr. 
Chorley. Assistant Experimental Officer, Chemical Inspectorate, Ministry of Supply. Signed by : 
P. A. Serin, M. F. Sheppard, Ernest Taylor. 

Gamboa, José Miguel, D.Sc. (Madrid), Licenciado Ciencias (Zaragoza). Spanish. Facultad de Ciencias, 
Plaza Paraiso 1, Zaragoza, Spain. Research Student, Radiochemical Laboratory, Cambridge. 
Signed by: H. J. Emeléus, A. G. Maddock, A. G. S , 

Giles, Charles Hugh, B.Sc. and Ph.D. (Leeds), F.R.I.C. British. Royal Technical College, Glasgow, 
C.1. Lecturer in Colour Chemistry and Dyeing. Signed by: W.M. Cumming, F. S. Spring, 
F. Rumford. 

Griffiths, Victor Sydney. British. 81, London Road, Brentford. Lecturer in Chemistry, Battersea 
Polytechnic. Signed by: J. E. Salmon, C. L. Arcus, J. W. Smith. 


Signed by: 


Signed by : 


Research 


Research 
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*Groszek, Aleksander Jerzy. Polish. 20, Park Avenue, Blackburn. Student. Signed by: A. J. B. 
Spaull, A. Walton, J. E. Wynfield Rhodes. 

*Halford, Ronald George. British. 6, Balmoral Road, St. Andrews, Bristol, 7. Student. Signed by : 
T. Malkin, John F. W. McOmie, F. H. Pollard. 

*Halstead, Ronald, B.A. (Cantab.). British. Edgecombe, Swainshill, Hereford. Research Chemist. 
H. P. Bulmer & Co., Hereford. Signed by : A. R. Urquhart, P. Garrick, F. J. Buckle. 

Harrison, John Rufford. British. 38, Marlborough Road, Beeston, Nottingham. Student, King’s 
College, University of London. Signed by : S. H. Harper, D. H. Hey, C. S. Salmon. 

Basil Jason, B.Sc., and Ph.D. (Lond.), D.I.C., A.R.C.S., A.R.LC. British. 55, Manor Road, 
Romford. Research Chemist. Signed by : M. B. Green, C. A. Long, H. J. Barber. 

*Howe, Raymond John, B.Sc. (Bristol). British. 19, Bibury Crescent, Westbury, Bristol. Research 
Student. Signed by : T. Malkin, T. H. Bevan, F. H. Pollard. 

Hullah, Jean Irene, A.R.I.C. British. 43, Langdale Road, Lancaster. Research Chemist. Signed 
by : A. N. Edmondson, R. E. Bache, R. Sutcliffe. 

Huthy, Harry Reginald. British. 5, Devonshire Avenue, Grimsby, Chief Chemist, Peter Dixon & Son, 
Ltd., Grimsby. Signed by : E. A. Bradford, Stephen R. H. Edge, John P. Firrell. 

*Kabesh, Ahmed Abdel Hamid Ali, B.Sc. (Eouad I Univ.). Egyptian. 4, Chesterfield Gardens, May- 
fair, W.1. Research Student, University College, London. Signed by : C. K. Ingold, David P. 
Craig, R. S. Nyholm. 

Jones, Edwin Charles, B.Sc. (Lond.), A.R.I.C. British. 27, The Mead, Beckenham. Chief Chemist, 
H. Peek & Co., Ltd., London, S.E.15. Signed by : A. J. M. Bailey, N. A. C. Pryce, P. O. Dennis. 

Laland, Soren Gustav. Norwegian. Chemistry Department, The University, Edgbaston, Birmingham, 
15. Student, University of Birmingham. Signed by : L. L. Bircumshaw, M. Stacey, W. G. Overend. 

*Lowe, Mary Winifred, B.Sc. (Lond.). British. 36, St. George’s Square, Victoria, S.W.1. Research 
Student. Signed by: S. H. Harper, L. Crombie, A. J. B. Edgar. 

Martin, Carl, B.Sc. (Manc.), A.R.I.C. British. 2a, Lynton Park Road, Cheadle Hulme. Research 
Chemist. Signed by: J.C. Withers, R. S. Higginbotham, E. S. Lane. 

McLean, Joseph Shanks, B.Sc. (Lond.), A.R.I.C. British. Paisley Technical College, 28—40, George 
Street, Paisley. Head of Chemistry Department, Paisley Technical College. Signed by: John 
Armour, H. Raymond Broomhall, A. G. White. 

*MacNaughton, Alexander John. British. 63, The Grove, West Wickham. Student, Imperial College 
of Science and Technology. Signed by : A. B. Densham, W. J. Godderham, W. Lewcock. 

Mehl, Ernest, Ph.D. (Vienna), A.R.I.C. British. 145, Dukes Avenue, Theydon Bois. Consultant. 
Signed by : G. Baum, E. Abel, L. N. Tyrrell. 

Montgomery, Donald. British. 325, Hendon Way, N.W.4. Student, Royal College of Science, 
London. Signed by: A. H. Cook, Ernest A. Braude, J. A. Kitchener. 

Minahan, (Mrs.) Sylvia, B.Sc. (Lond.), A.R.I.C. British. 40, Pattison Road, N.W.2. Scientific 
Publishing. Signed by : D. R. Rexworthy, A. R. Todd, H. J. Emeléus. 

*Neil, Michael Wells, B.Sc. (Lond.), A.R.I.C. British. 197, Richmond Road, Twickenham. Organic 
Chemist, Department of Chemical Pathology, Westminster Hospital Medical School. Signed by: 
S. J. Holt, J. B. Jepson, J. H. Wilkinson. 

Palling, Stanley John, B.Sc. (London). British. c/o 9, Queen’s Avenue, Whetstone, N. 20. Research 
Chemist. Signed by : D. J. T. Howe, N. Holman, A. J. Lambie. : 

Parmenter, Frederick John. British. 26, King’s Farm Avenue, Richmond. Student, Imperial 
College of Science and Technology. Signed by: A. H. Cook, E. A. Braude, A. A. Eldridge. 

thony Mesnard. British. 1, Weymouth Avenue, Dorchester. Student, University of 
Signed by : J. Davoll, C. A. C. Haley, J. Harley Mason. 
. thony Gerald, B.Sc. (Bristol). British. 19, Whatley Road, Clifton, Bristol, 8. Research 
Student. Signed by : T. Malkin, T. H. Bevan, F. H. Pollard. 

*Praill, Percy Francis George. British. 276, Lowfield Street, Dartford. Research Assistant, King’s 
College of Household and Social Science. Signed by : H. Burton, Frederick Kurzer, H. B. Hopkins. 

Ridd, John Howard, B.Sc. (Lond.). British. 80, Chaffers Mead, Ashtead. Research Student, 
University College, London. Signed by : E. Hughes, C. K. Ingold, D. J. Millen. 

*Ritchie, John. British. Ingham, Fitzwilliam Street, Wath-on-Dearne, nr. Rotherham. Student, 
University of Sheffield. Signed by : T. S. Stevens, P. L. Pauson, Alex. H. Lamberton. 

Scallan, John Frederick Pratt. British. 3, Cumberland Road, Wallasey. Petroleum Technologist. 
Signed by : W. R. P. Hodgson, T. Martin, A. Tudhope, Philip J. Garner. 

Fraidoun, B.Sc. (Teheran). Iranian. c/o Chemistry Department, The University, Birming- 
ham, 15. Research Student. Signed by: L. L. Bircumshaw, E. J. Bourne, W. G. Overend. 
Smith, William Cuthbert John, A.R.I.C. British. 30, Avondale Gardens, Hounslow. Analyst to 

T. McLachlan & Partners. Signed by: A. J. M. Bailey, N. A. Pryce, Thos. McLachlan. 

*Smyth, Ian Fletcher Buchanan, B.Sc. (Q.U.B.), A.R.I.C. British. 116, North Road, Belfast. Student 
at Queen’s University, Belfast. Signed by: F. Bergel, H. Graham, R. G. R. Bacon. 

Spinner, Ernest, B.Sc.Tech. (Manc.), A.M.C.T. British. lla, Bedford Avenue, Whalley Range, Man- 
chester, 16. Demonstrator, Manchester College of Technology. Signed by: A. Burawoy, 
G. Baddeley, T. K. Walker. 

*Starkey, Donald Arthur John. British. 35, Cantelowes Road, Camden Square, N.W.1. Organic 
Research 


Assistant, Kodak Ltd., Wealdstone. Signed by : H. Lambourne, E. B. Knott, F. M. 
Hamer. 
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Tweedie, Frederic, B.Sc. (Lond.). British. 247, Westrow Drive, Barking. Lecturer in Chemistry. 
Signed by : H. I. Stonehill, D. C. Jones, N. Lindop. 

Waterhouse, Charles Edward, Ph.C., F.R.I.C. British. 70, Carisbrooke Drive, Southport. Chief 
Chemist, Bob Martin Ltd. Signed by : Alastair N. Worden, F. J. Flowerdew, H. Brindle. 

Watt, William, B.Sc. (Lond.), A.R.I.C. British. 35, Cove Road, Farnborough. Research chemist, 
Ministry of Supply. Signed by: E. C. Jones, R. N. C. Strain, G. A. Earwicker. 
Will, Hermann Walter Johannes. Stateless. 60, St. Stephen’s Gardens, W.2. Manager, Anglo- 
Continental Exchange Ltd., London. Signed by : Carl Schmeidler, Franz Arend, W. C. Peck. 
*Wood, Dennis Geoffrey Murray, B.Sc. (Lond.). British. Rayden, Shelley Road, Bognor Regis. 
Research Student, Queen Mary College, University of London. Signed by : John McNab, J. D. 
Sandrock, E. M. Gutmann. 

*Wood, Geoffrey William. British. 89, Pembroke Street, Rotherham. Chemistry Student, University 
of Manchester. Signed by: A. E. Gillam, F. Fairbrother, H. B. Henbest. 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 


Lloyd, Dudley Coates. British. c/o Johnson Matthey & Mallory Ltd., 606, Cathcart Street, Montreal, 
Quebec. Manager, Montreal Branch. Signed by : W. D. McFarlane. 

Jolibois, Pierre, Dr.-és-Sc. (Paris). French. 60, Boulevard Saint-Michel, Paris VIe. Professeur de 
Chimie a l’Ecole Nationale Superieure des Mines, Paris. Signed by : Ian Heilbron. 

Lobo-Mendonca, Raphael, B.Sc., M.B., and B.S. (Bombay). Indian. Britto Mansion, Lady Jamsetji 
Road, Mahim, Bombay. First Assistant Chemical Analyst to Government, Bombay. Signed by : 
D. M. Karkhanavala, C. H. Nanavati. 

Padmanabhan, §. B.A. (Madras), M.Sc. (Benares Hindu Univ.). Indian. Gas Division, F.A.C.T. Ltd., 
P.O. Zydogamandal, S. India. Signed by : George M. Flower, P. K. Seshan. 

Pieper, Ernest John. A.B. (Johns Hopkins Univ.), A.M. and Ph.D. (Wisconsin). American. Arm- 
strong Cork Company, Research Laboratories, Lancaster, Pa., U.S.A. Manager, Chemical Research. 
Signed by : C. C. Vogt. 

Shrewsbury, Charles Leslie, A.B., Ph.D. American. Midwest Research Institute, 4049 Penn Avenue, 
Kansas City, Missouri. Chairman, Agricultural and Organic Chemistry Department. Signed by : 
Harold Vagtborg, Foster Dee Snell. 


* Reduced annual subscription. 





PAPERS RECEIVED 


List of papers received between January 13th, 1949, and February 7th, 1949. 


“The photochemistry of selenium. Part II. The kinetics of the oxidation of hydrogen 
selenide.” By R. W. PitTMan. 

“The kinetics and mechanism of sulphonation in sulphuric acid.” By W. A. COWDREY 
and D. S. Davis. 

“ The phenolic resin of the wood of Chlorophora excelsa (Benth. and hook f.).” By J. R. 
NunN and W. S. Rapson. 

“ The splitting of the thioether linkage in certain sulphide-sulphone ca aenaeal By 

A. H. Forp-Moorg, R. A. PETERs, and R. W. WAKELIN. 

“Some dithio- and thio-sulphinyl derivatives.” By A. H. Forp-Moore. 

“ Chemiluminescent organic compounds. Part IX. 5-Amino-$f-naphthalaz-1 : 4-dione.” 
By B. E. Cross and H. D. K. Drew. 

“ The constitution of egg plum gum. Part III. The hydrolysis product obtained from 
the methylated gum.” By F. Brown, E. L. Hirst, and J. K. N. Jones. 

“ Syntheses of fluoranthene and its derivatives from 7 : 8-dialkylacenaphthen-7 : 8-diols.”’ 
By N. CAMPBELL and R. S. Gow. 

““ The reaction of substituted maleimides with thiols.” By D. H. MARRIAN. 

“Cholla gum.” By F. Brown, E. L. Hirst, and J. H. N. Jones. 

“ The structure of ginkgetin. Part II. New syntheses of 5 : 8-dihydroxy-4’-methoxy- 
flavone.” By W. Baker, G. F. FLemons, and R. WINTER. 

“ The symmetrical dianthryls. Part II.” By F. Bett and D. H. Warinc. 

“Some 2-thienyl alkyl sulphones.”” By J. CyMERMAN and J. L. Lowe. 

“ Studies on seed mucilages. Part III. Examination of a polysaccharide extracted from 
the seeds of Plantago ovata forsk.” By R. A. Larptaw and E. G. V. PERCIVAL. 
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“Studies on seed mucilages. Part IV. The seed mucilage of Plantago lanceolate.” By 
E. G. V. PERcIVAL and I. C. WILLox. 

“ Electrolytic metal powders from aqueous solutions.” By E. MEHL. 

“Formation and structure of organic molecular compounds.” By J. WEIss. 

“A contribution to the chemistry, including stereochemistry, of the 9: 10-halogeno- 
hydroxystearic acids.” By G. Kine. 

“Studies in light absorption. Part VI. Steric inhibition of resonance in natural and 
synthetic derivatives of cyclohexane.” By E. A. Braupeg, E. R. H. Jones, H. P. 
Kocu, R. W. RicHARpDson, F. SONDHEIMER, and J. B. TooGoop. 

“ Studies in light absorption. Part VII. Azines and related systems. A comparison of the 
-C—C-and-N—N-chromophores.” By H.C. Barany, E.A.BRAUDE, and M. PIANKA. 

“Studies in light absorption. Part VIII. Dibenzyl and stilbene derivatives. Inter- 
action between unconjugated chromophores.” By E. A. BRAUDE. 

“ The reaction of ‘ copper hydride’ with acid chlorides.” By E. A. BRAUDE. 
‘Carbohydrate sulphuric esters. Part V. The demonstration of Walden inversion on 
hydrolysis of barium 1 : 6-anhydro-B-D-galactose 2-sulphate.”” By R. B. Durr. 

“ A new galactoside of luteolin.” By G. R. Clemo and D. G. I. FELton. 

“Studies in the polyene series. Part XXX. The synthesis of cyclopentenyl and cyclo- 
heptenyl analogues of B-ionone.’”’ By Sir IAN HEILBRon, E. R. H. Jones, J. B. 

_ Toocoop, and B. C. L. WEEDON. 

“Studies in the polyene series. Part XXIX. Ethoxyacetylenic carbinols and their 
conversion into af-unsaturated aldehydes and acids.” By Sir IAN HEILBRON, 
E. R. H. Jones, M. Juris, and B. C. L. WEEDon. 

“Experiments on the synthesis of substances related to the sterols. Part XLVIII. 
Synthesis of a tricyclic degradation product of cholesterol.”” By J. W. CORNFORTH 
and (Str) ROBERT RoBINsON. 

“The structure of potassium dinitrososulphite.” By E. G. Cox, G. A. JEFFREY, and 
H. P. STADLER. 

“ The reaction between aromatic compounds and derivatives of tert.-acids. Part I. The 
cyclisation of ¢ert.-aromatic acid chlorides.” By E. ROTHSTEIN and R. W. SAVILLE. | 

“The reaction between aromatic compounds and derivatives of ¢ert.-acids. Part II. 
The acylation of benzene derivatives by ¢ert.-acid chlorides.” By E. ROTHSTEIN 
and R. W. SAVILLE. 

“ The reaction between aromatic compounds and derivatives of ¢ert.-acids. Part III. A 
kinetic investigation of the alkylation of benzene by pivalyl chloride.” By 
E. ROTHSTEIN and R. W. SAVILLE. 

“The reaction between aromatic compounds and derivatives of tert.-acids. Part IV. 

Preliminary kinetic data on the acylation of aromatic compounds by pivalyl chloride.” 
By E. RotustTeEIn and R. W. SAVILLE. 

“ The reaction between aromatic compounds and derivatives of fert.-acids. Part’V. The 
stability of the carbonyl group in certain acid halides and anhydrides.” By 
E. ROTHSTEIN and R. W. SAVILLE. 

“ Polarography of quinoline derivatives. Part IV. Amperometric titration of copper 
and zinc with quinaldinic acid.” By J. T. Stock. 

“‘ Some nuclear-methylated styrenes and related compounds. Part I.” By F. R. Buck, 
K. F. Cotes, G. T. KENNEDY, and F. Morton. 

“Some nuclear-methylated styrenes and related compounds, Part II.” By G. T. 
KENNEDY and F. Morton. 

‘““Some nuclear-methylated styrenes and related compounds. Part III. Absorption 
spectra.” By K. C. Bryant, G. T. KENNEDY, and (Miss) E. M. TANNER. 

“The action of benzoyl chloride and pyridine on 5-hydroxy-6-acetyl-4-methylcoumarin, 
and reactions related thereto.” By G. J. BERNFELD, and T. S. WHEELER. 

“ Acid catalysed alcoholysis. Part II. Apriotic solvents.” By M. F. CARROLL. 

‘“‘ Butylnaphthalenes, and their derivatives. Part II. Derivatives of 2-tert.-butyl- 
naphthalene, and the orientation of two ditert.-butylnaphthalenes.” By R. B. 
ConTRACTOR, A. T. PETERS, and (the late) F. M. Rowe. 
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“‘ Experiments on the synthesis of purine nucleosides. Part XXII. The synthesis of the 
a- and f-forms of 9-triacetyl-p-ribopyranosido-2-methylthioadenine and further 
studies on the synthesis of 9-glycofuranosidopurines.” By G. W. KENNER, H. J. 
Ruoppa, and A. R. Topp. 

“ Experiments on the synthesis of purine nucleosides. 
of adenosine.” 

“The Gattermann-Koch reaction. 
D. D. ELey. 

“ The Gattermann—Koch reaction. 
D. D. ELEy. 

“ Lanceol, a sesquiterpene alcohol from the oil of Santalum lanceolatum.” By L. N. OWEN. 

“ The reaction of methyl radicals with olefins. Part I. The temperature coefficient of 
the induced polymerisation of ethylene.” By F. A. Raat and C. J. DANBY. | 

“ The reaction of methyl radicals with olefins. Part II. The comparison of the reactivity 
of different olefins.” By F. A. RAat and C. J. DANBy. 

“The reaction of methyl radicals with olefins. Part III. Reaction with mixtures of 
ethylene and higher olefins.” By F. A. Raat, C. J. DANBy, and Sir CyriL 
HINSHELWOOD. 

“‘ Quantitative analysis of mixture of sugars by the method of partition chromatography. 
Part III. Estimation of the sugars by oxidation with sodium periodate.” By 
E. L. Hirst and J. K. N. Jongs. 

‘“‘ Experiments on the synthesis of substances related to the sterols. Part XLIX. The 
A->BCD route to androstenedione. Part II.” By R. H. MARTIN and Sir ROBERT 
ROBINSON. 

“ Reactions of nitroparaffins. Part II. The reaction of 2-nitropropane with formaldehyde 
and ammonia.” By J. K. N. Jones and T. URBANSKI. 

“The ionization of quaternary phenanthridine bases.” By D. MAGRATH and J. N. 
PHILLIPS. 

‘“‘ The condensation of N-substituted maleimides with thioureas.” By D. H. MARRIAN. 

“Lanosterol. Part VIII. The action of perbenzoic acid on derivatives of lanosterol.”” 
By M. J. BircHENOUGH and J. F. McGuie. 


Part XXIII. A new synthesis 


By G. W. KENNER, C. W. TAYLor, and A. R. Topp. 
Part I. Thermodynamics.” 


By M. H. DiILke and 


Part II. Reaction kinetics.” By M. H. Ditke and 





ADDITIONS TO THE LIBRARY 


May & Baker, LTp. 
phonamides. 3rd edition. 
pp. 81. (Recd. 21/1/49.) 

—— Sulphonamide therapy. Dagenham 
[1948]. pp. 90. ill. (Recd. 21/1/49.) 

From the Director. 

MEDICAL RESEARCH CoUNCIL. Memoran- 
dum No. 22. Industrial fluorosis; a study of 


5 Estimation of sul- 
I. Donations Dagenham [1948]. 
British ALUMINIUM Co., Lrp. Light 
Metals Bulletin. Vol. 11, etc. London 
1949 +. (Reference.) From the Director. 

British DruGc Houses, Ltp. Introductory 
notes on chromatography. Poole 1948. pp. 
40. ill. (Recd. 21/1/49.) From the Director. 


FREsENIus, C. R. A system of instruction 
in quantitative chemical analysis. 3rd edi- 
tion. Edited by J. L. Buttock. London 
1860. pp. xii + 687. ill. (Recd. 10/2/49.) 

A system of instruction in qualit- 
ative chemical analysis. 6th edition. Edited 
by J. L. Buttock. London 1864. pp. xiv + 
$55. ill. (Recd. 10/2/49.) 

GrosHans, J. A. Ein neues Gesetz, Analog 
dem Gesetz von Avogadro. Leipzig 1882. 
pp. [iv] + 80. (Recd. 10/2/49.) 

From Dr. E. Lewkowitsch. 

INSTITUTE OF SEWAGE PURIFICATION. 
Journal and Proceedings. 1944, etc. London 
1944 +. (Reference.) From the Institute. 


the hazard to man and animals near Fort 
William, Scotland. A report to the Fluorosis 
Committee, by J. N. AcaTe [and others]. 
London 1949. pp. viii+ 131. ill. (Refer- 
ence.) From the Director. 
—— Special Report Series No. 262. Studies 
in air hygiene. By R. B. BourpDILiton [and 
others]. London 1948. pp. [iv] + 356. ill. 
(Reference.) From the Director. 
MEuniER, L. Die Brandursachen in den 
Fabriken. 2nd edition. Berlin 1877. pp. 
viii + 224. (Recd. 10/2/49.) 
From Dr. E. Lewkowitsch. 
MINERALOGICAL SOCIETY OF GREAT 
BRITAIN AND IRELAND. Mineralogical Mag- 
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azine and Journal. Vol. 1. London 1877. 
pp. xxiv + 275. ill. (Reference.) 
From Dr. J. G. Cockburn. 
PapiER, Das. Zeitschrift fir die Erzeugung 
von Holzstoffe, Zellstoff, Papier und Pappe; 
chemische Technologie der Cellulose. Year 1, 
etc. Darmstadt 1947+. (Reference.) 
From the Bureau of Abstracts. 
Roscoz, H. E. Lessons in elementary 
chemistry: imorganic and organic. New 
edition. London 1878. pp. viii + 416. ill. 
(Recd. 10/2/49.) From Dr. E. Lewkowitsch. 
Roya Society. Report of the Empire 
Scientific Conference, June—July 1946. 2 
vols. London 1948. pp. 828; 707. ill. 
(Reference.) 
Scientific Information Conference, 
21 June—2 July, 1948. Report and papers 
submitted. London 1948. pp. 723. ill. 
(Reference.) From the Royal Society. 
SouTH AFRICAN CHEMICAL INSTITUTE. The 
South African Industrial Chemist. Vol. 1, 
etc. Johannesburg 1947+. (Reference.) 
From the Director. 
STANDARD O1t Co. [and others]. Technical 
Publications. Year 1946. New York 1947. 
pp. viii + 356. ill. (Recd. 18/1/49.) 
From the Esso Development Co., Ltd. 
Witt, O. N. Die deutsche chemische In- 
dustrie in ihren Beziehungen zum Patent- 
wesen, mit besonderer Beriicksichtigung der 
Erfindungen aus dem Gebiete der organischen 
Chemie. Acht Vortrage. Berlin 1893. pp. 
viii + 143. (Recd. 10/2/49.) 
From Dr. E. Lewkowitsch. 
ZEITSCHRIFT FUR NATURFORSCHUNG. Sec- 
tions A and B. Vol. 1, etc. Wiesbaden 
1946 +. (Reference.) 
From the Bureau of Abstracts. 


II. By Purchase 


ADVANCES IN BIOLOGICAL AND MEDICAL 
Puysics. Vol. 1, etc. Edited by J. H. 
LAWRENCE and J. G. Hamitton. New York 
1948 +. (Reference.) Academic Pr. - $8.60. 

ADVANCES IN Foop ReEsEarcH. Vol. 1, 
etc. Edited by E. M. Mrak and G. F. 
STEwarRT. New York 1948+. (Reference.) 
Academic Pr. $7.50. 

DInspDALE, C. Prevention of iron and steel 
corrosion; processes and published speci- 
fications. London 1948. pp. 67. Cassier. 
5s. (Recd. 17/2/49.) 

Emmens, C. W. Principles of biological 
assay. London 1948. pp. xvi-+ 206. ill. 
Chapman. 21s. (Recd. 17/2/49.) 

GILBERT, F. A. Mineral nutrition of plants 
and animals. Norman 1948. pp. xii + 131. 
ill. Univ. of Oklahoma Pr. $2.75. (Recd. 
17/2/49.) 


Gitert, E. Die Kampfstofferkrank- 
ungen: Erkennung, Verlauf und Behandlung 
der durch chemische Kampfstoffe verursach- 
ten Schaden. Berlin 1938. pp. [x] + 84. 
Urban. R.M. 3.80. (Recd. 22/1/49.) 

Harrison, G. R., Lorp, R. C., and Loor- 
BouROW, J. R. Practical spectroscopy. New 
York 1948, pp. xiv + 605. ill. Prentice- 
Hall. $5.00. (Recd. 17/2/49.) 

Herrincton, B. L. Milk and milk pro- 
cessing. New York 1948. pp. x + 343. 
ill. McGraw. $3.75. (Recd. 17/2/49.) 


HonEyMAN, J. An introduction to the 
chemistry of carbohydrates. Oxford 1948. 


pp. [viii] + 143. ill, Clarendon Pr. 
(Recd. 17/2/49.) 

Howes, F. N. Nuts: their production 
and everyday uses. London 1948. pp. 264. 
ill. Faber. 18s. (Recd. 17/2/49.) 

HumeE-RotHery, W. Electrons, 
metals, and alloys. London 1948. 
ill. Cassier. 25s. (Recd. 17/2/49.) 

KarRER, P., and Jucker, E. Carotinoide. 
Basel 1948. ill. Birkhauser. Sw.Fr. 43.00. 
(Recd. 17/2/49.) 

Miter, A. R. The theory of solutions of 
high polymers. Oxford 1948. pp. viii + 
118. ill. Clarendon Pr. 12s. 6d. (Recd. 
17/2/49.) 

MITCHELL, J., Jun., and Smitu, D. M. 
Aquametry; application of the Karl Fischer 
reagent to quantitative analyses involving 
water. (Chemical Analysis, Vol. V.) New 
York 1948. pp. xii+ 444. ill. Interscience. 
$8.00. (Recd. 17/2/49.) 

PANNELL, E. V. Magnesium; its produc- 
tion and use. 2nd edition. London 1948. 
pp. x+ 189. ill. Pitman. 25s. (Recd. 17/2/49.) 

Patty, F. A. [Editor.] Industrial hygiene 
and toxicology. Vol. I. New York 1948. 
pp. xxviii + 531. ill. Interscience. $10.00. 
(Recd. 17/2/49.) 

Pincus, G., and Tutmmann, K.V. ([Editors.] 
The hormones; chemistry, physiology, and 
applications. Vol. I. New York 1948. 
pp. xii + 886. ill. Academic Pr. $13.50. 
(Recd. 24/1/49.) 

Raun, O. Injury and death of bacteria 
by chemical agents. (Biodynamica Mono- 
graphs, No. 3.) Normandy, Miss. 1945. 
pp. 183. ill. Biodynamica. $3.00. (Recd. 
3/2/49.) 

RESEARCH. A journal of science and its 
applications. Vol. I, etc. London 1947 +. 
(Reference.) Butterworth. 45s. per annum. 

Scumipt, A. X., and Martigs, C, A. 
Principles of high polymer theory and prac- 
tice. Fibers; plastics; rubber; coatings; 
adhesives. New York 1948. pp: xii + 743. 
ill. McGraw. $7.50. (Recd. 3/2/49.) 


15s. 


atoms, 
pp. 377. 
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Stewart, A. W., and Granam, H. Recent 
advances in organic chemistry. 7th edition. 
Vol. II. London 1948. pp. x + 447. ill. 
Longmans. 35s. (Recd. 17/2/49.) 

VoceEL, O. [and others]. Handbuch der 
Metallbeizerei. [Vol. 2.] Eisenwerkstoffe. 
Berlin 1943. pp. xvi+ 540. ill. R.M. 38. 
(Recd, 22/2/49.) 

Wernick, S. Electrolytic polishing and 
bright plating of metals. London 1948. 
pp. xvi+ 243. ill, Redman. 30s. (Recd. 
17/2/49.) 

Work, T. S., and Work, E. The basis of 
chemotherapy. Edinburgh 1948. pp. xx + 


435. ill. Oliver & Boyd. 26s. (Recd. 
17/2/49.) 


III. Pamphlets 


FisHER, J. A. The mining, manufacture 
and uses of asbestos. London 1893. pp. 20. 

MEYER, V. Probleme der Atomistik. 2nd 
edition. Heidelberg 1896. pp. 45. 

PREYER, W. Die organischen Elemente 
und ihre Stellung im System, [mit einem] 
Anhang iiber die Entwicklung der Elemente. 
By G. WENDT. Wiesbaden 1891. pp. 47. ill. 

ScHAR, E. Aus der Geschichte der Gifte. 
Basel 1883. pp. 48. 
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Cambridge. 
Canada. 
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Glasgow. 
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India. 
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REPRESENTATIVES OF THE CHEMICAL SOCIETY. 


J. M. C. Thompson, M.A., D.Phil., A.R.I.C., Chemistry Department, 
Marischal College, The University, Aberdeen. 

T. Iredale, B.Sc., F.R.1.C., The University, Sydney, Australia. 

L. L. Bircumshaw, M.A., D.Sc., Department of Chemistry, The 
University, Edgbaston, Birmingham, 15. 

F. H. Pollard, B.Sc., Ph.D., A.R.I.C., Chemistry Department, The 
University, Woodland Road, Bristol. 

B. Lythgoe, Ph.D., Organic Chemistry Department, The University, 
Cambridge. 

W. D. McFarlane, M.A., Ph.D., The Laboratories, The Canadian 
Breweries Ltd., 496, Queeen Street East, Toronto, 2. 

E. G. V. Percival, D.Sc., Ph.D., F.R.L.C., Chemistry Department, 
King’s Buildings, West Mains Road, Edinburgh. 

Professor T. S. Wheeler, D.Sc., Ph.D., F.R.I.C., Chemical Department, 
University College, Upper Merrion Street, Dublin. 
S. J. Gregg, Ph.D., A.R.C.S., A.R.I.C., Department of Chemistry, 
Washington Singer Laboratories, Prince of Wales’ Road, Exeter. 
J. D. Loudon, Ph.D., D.Sc., A.R.L.C., Chemistry Department, The 
University, Glasgow, W.2. 

Professor Brynmor Jones, Sc.D., Ph.D., F.R.I.C., University College, 
Hull. 

Sir Shanti S. Bhatnagar, O.B.E., D.Sc., F.R.S., Council of Scientific 
and Industrial Research, New Delhi, India. 

F. R. Goss, D.Sc., Ph.D., F.R.I.C., The University, Leeds, 2. 

W. B. Whalley, B.Sc., Ph.D., F.R.1.C., Organic Chemistry Department, 
The University, Liverpool. 

L. A. Haddock, M.Sc., F.R.1L.C., I.C.I., Ltd. (General Chemicals 
Division), Research Department, Widnes Laboratory, Widnes. 

G. Baddeley, M.Sc., Ph.D., The College of Technology, Manchester. 

J. C. Withers, Ph.D., A.R.I.C., Shirley Institute, Didsbury, Manchester. 

P. L. Robinson, D.Sc., F.R.I.C., Chemistry Department, King’s 
College, Newcastle-on-Tyne. 

Professor F. G. Soper, D.Sc., Ph.D., F.R.1.C., University of Otago, 
Dunedin, New Zealand. 

H. Graham, D.Sc., A.R.I.C., 26, Malone Hill Park, Belfast. 

W. Rogie Angus, M.A., D.Sc., Ph.D., F.R.I.C., Department of 
Chemistry, University College of North Wales, Bangor. 

J. C. Roberts, Ph.D., B.Pharm., A.R.I.C., University College, 
University Park, Nottingham. 

W. A. Waters, M.A., Sc.D., Ph.D., F.R.I.C., Balliol College, Oxford. 

J. D. M. Ross, M.B.E., M.A., D.Sc., Chemistry Department, University 
College, Dundee. 

A. H. Lamberton, B.Sc., Ph.D., Chemistry Department, The Univer- 
sity, Sheffield, 10. 

Professor W. Pugh, Ph.D., B.Sc., F.R.I.C., Chemistry Department, 
University of Cape Town, Rondebosch, S. Africa. 

K. R. Webb, B.Sc., Ph.D., University College, Southampton. 

Professor C. W. Shoppee, Ph.D., D.Sc., D.Phil., A.R.C.S., F.R.1.C. 
University College, Singleton Park, Swansea. 
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SCIENTIFIC MEETINGS DURING JUNE, 1949 
LONDON. 
Thursday, June 2nd, 1949. 





The meeting arranged for Thursday, June 2nd, 1949, will not take place. 





PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY 





OFFICIAL ANNOUNCEMENTS 
CORDAY-MORGAN MEDAL. 


The Society has now become entitled to the funds bequeathed under the will of the late 
Sir Gilbert Morgan, Past-President, who died in 1940. One of the objects of the bequest 
was the establishment of an annual award to be known as the Corday—Morgan Medal to be 
administered by the Council of the Society under conditions specified by the testator. 
The award will consist of a silver medal and a monetary prize paid out of the income of 
the fund for the year in question. It is expected that this will amount to about £150 
per annum. 

The Council have decided that the first award shall be made in respect of the year 
1949 and have approved the following rules governing the award :—- 


1. The Award shall be known as the Corday—Morgan Medal. 

2. The Award shall be made annually to the chemist of either sex and of British 
nationality who, in the judgment of the Council of the Chemical Society, shall have 
published during the year in question the most meritorious contribution to experi- 
mental Chemistry, and who, at the date of publication, shall not have attained the 
age of thirty-six years. The date of publication of any journal shall be deemed to 
be the date at which the journal was first available to the public. 

3. The Award shall not be made more than once to the same candidate. 

4. The Council may at its discretion suspend the Award in any year in which no 
suitable candidate presents himself or is brought to the notice of the Council. In the 
event of such suspension a sum equal to the income otherwise available for the Award 
in that year shall be invested and added to the capital of the Trust Fund. 

5. The Award shall consist of a silver medal and a monetary prize amounting to 
the balance of the income of the Trust Fund for the year, after payment of the expenses 
incidental to the Award. 

6. No restrictions shall be placed upon the branch of chemistry for which the 
Award is granted, or upon the place in which the work is conducted. 

7. The merits of the work of any candidate for the Award may be brought to the 
notice of the Council either by persons who desire to recommend the candidate or by 
the candidate himself. 

8. Details of the Award shall be published annually in the Proceedings of the 
Chemical Society and elsewhere. 

9. Applications, or recommendations for the Award, accompanied by offprints or 
copies of any published work on which the grant of the Award is to be judged, shall be 
forwarded so that they shall reach the Society not later than the thirty-first day of 
December in the year following that for which the Award is to be made. 

10. Each candidate shall give the names of two persons with a knowledge of his 
work, to whom references can be made by the Society. 

11. The Award shall be presented at a meeting of the Society. 

12. If any doubt shall arise as to the correct interpretation of these rules, the 
matter shall be decided by the Council of the Chemical Society. 

13. The Council may from time to time alter or add to the regulations for the 
administration of the Award, provided that no regulation shail be approved 


that is contrary to the terms of the Bequest as expressed in the will of the late 
Sir Gilbert T. Morgan. 
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BUREAU OF ABSTRACTS. 
The Bureau of Abstracts has informed the Society that the following abstracts are now 
out of print : 


1945 AII and AIII. 
1946 AI and AII. 


The Bureau is prepared to purchase at the scheduled price to Fellows a limited number 
of the above issues. 

Fellows having copies, in good condition, which they no longer require should first 
communicate with the Bureau of Abstracts, 9/10, Savile Row, London, W.1. 


BRITISH STANDARDS INSTITUTION. 
The following draft of British Standards Specification has been received for technical 
comment : 


CK(ISE) 1883—Draft British Standard for the determination of aluminium oxide 
in permanent magnet alloys. 


These have been placed in the Library, and Fellows wishing to make technical comment 
are requested to do so before June 29th, 1949, to the British Standards Institution, 24/28, 
Victoria Street, London, S.W.1. 





MEETINGS OUTSIDE LONDON 
BIRMINGHAM. 


“‘ Some Aspects of Stereochemistry,”’ by Dr. F. G. Mann, F.R.S. 


A joint meeting with the Birmingham University Chemical Society was held in the 
Chemistry Department of the University on March 18th, 1949, with Professor M. Stacey 
in the Chair. 

Dr. Mann discussed the development of the stereochemistry of phosphorus, arsenic, and 
antimony which had followed the development of that of nitrogen. He gave a brief 
account of various physical investigations of compounds of three- and four-covalent 
phosphorus and arsenic and then discussed in greater detail the results of chemical 
investigations of these compounds and their stereochemical significance. 

A vote of thanks proposed by Dr. E. J. Bourne was carried with acclamation. 


LEEDS. 


“‘ Structural Relationships amongst the Polysaccharides,’ by Professor E. L. Hirst, 
D.Sc., F.R.S. 


A joint meeting with the Leeds University Chemical Society was held in the Chemistry 
Department of the University on March 15th, 1949, with Professor F. Challenger in the 
Chair. f 

Professor Hirst explained the manner in which the structures of cellulose, pectic acid, 
and alginic acid are related to each other and noted that all these compounds form strong 
fibres. Relationships between araban, gums, and mucilages appear to be more complex 
as the sugar units are linked in a pattern containing many side chains. 

In response to questions the lecturer explained the changes in the structure of cellulose 
caused by nitration and subsequent regeneration. 

A vote of thanks, proposed by Professor J. B. Speakman, was carried with acclamation. 
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LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objections to the election of these candidates should communicate with the 
Honorary Secretaries within ten days of the date of publication of the Journal for April, 1949. Such 
objections will be treated as confidential. The forms of application ave available in the Library.) 


Bannard, Robert Alexander Brock, M.Sc. (Queen’s University, Ontario). Canadian. Pulp and Paper 
Research Institute, 3420, University Street, Montreal, Quebec, Canada. Student, McGill Uni- 
versity. Signed by : R. Norman Jones, Clifford B. Purves, Adrien Cambron. 

Bayne, Stephen, B.Sc., M.B. & Ch.B. (St. Andrews). British. Department of Biochemistry, Bute 
Medical Buildings, St. Andrews. Lecturer in Biochemistry. Signed by: Alexander Hynd, 
Robert Roger, H. T. Openshaw. 

*Brogan, Thomas Daniel, B.Sc. (Lond.). British. Sherwood House, 102, York Road, S.W. 11. 
Research worker, Wright-Fleming Institute of Microbiology. Signed by : J. Kenyon, J. W. Smith, 
A. Houston. 

*Bryon, John Patrick. British. 14, Elliott Road, Thornton Heath. Chemical Research Assistant, 
British Oxygen Co. Signed by : J. Kenyon, Leo P. Ellinger, M. Guter. 

Butler, Kenneth, B.Sc. (Birm.). British. 27, Ferry Road, Scunthorpe. Assistant Lecturer. Signed 
by : L. L. Bircumshaw, M. Stacey, E. J. Bourne. 

Cash, Wilfred Ernest, M.Sc. (Lond.), A.R.C.S., D.L.C., F.R.L.C. British. British Industrial Solvents, 
Ltd., Mill Lane, Carshalton. Chemical Engineer. Signed by : Edgar Stagg Pemberton, Donald E. 
Ladhams, P. Le Couteur. 

Cassidy, James, A.R.I.C. British. Minsal Ltd., Wincham, Northwich. Chief Chemist. Signed by : 
A. B. Crawford, I. Vance Hopper, Jas. Sword. 

Cooke, Norman Edward, M.A.Sc. (British Columbia). Canadian. 2800, Phillips Avenue, North 
Vancouver, B.C., Canada. Associate Chemist, Fisheries Research Board of Canada. Signed by: 
R. H. Clark, I. M. Heilbron, G. S. Whitby. 

Cruickshank, Austin James Bruce, B.Sc. (Melbourne). Australian. Department of Chemical Engin- 
eering, University of Sydney, Sydney, N.S.W., Australia. Post Graduate Research Student. 
Signed by : Phillip Souter, T. Iredale, H. G. Holland. 

*Cumming, Alfred Paton Coleman, B.Sc. (Glas.), A.R.I.C. British. Chemical Engineering Department, 
University of Birmingham, Birmingham, 15. Post-graduate Research Scholar. Signed by : 
F. Rumford, I. Vance Hopper, W. M. Cumming. 

, Kenneth Gerrard, B.Sc. (Glas.). British. 30, Ashcroft Drive, Glasgow, S.4. Research 
Student, Royal Technical College, Glasgow. Signed by: Henry G. A. Anderson, Geofirey T. 
Newbold, James Stark. 

*Davis, William John. British. Marlfield House, Drumbo, Lisburn, County Down, Northern Ireland. 
Student, Queen’s University, Belfast. Signed by : A. R. Ubbelohde, R. G. R. Bacon, Cecil L. Wilson. 

Eade, Ronald Arthur, M.Sc. (Sydney), A.R.I.C., A.A.C.I. British. 21, Steward Street, Leichhardt, 
Sydney, N.S.W., Australia. Lecturer in Chemistry, Sydney Technical College. Signed by: W. J. 
Dunstan, T. Iredale, G. Shaw. 

Edyvean, Edward Robert Cyril, B.Pharm. (Lond.), Ph.C., M.P.S. British. 15, Michelham Gardens, 
Twickenham. Managing Director, British Schering Ltd. Signed by: A. W. Edwards, P. G. 
Marshall, H. G. Rolfe. 

El-Abbady, Abdel Mohsen, B.Sc. (Farouk I Univ.). Egyptian. 47, Wilberforce Road, Finsbury Park, 
N.4. Research Student, Queen Mary College. Signed by: J. R. Partington, C. M. French, 
R. F. Hudson. 

England, Wilfred Bernard, B.Sc. (Natal). South African. 11, Kenwyn Avenue, Scottsville, Maritz- 
burg, Natal, South Africa. Student, University of Natal. Signed by: F. L. Warren, H. A. E. 
Mackenzie. 

Fairlie, James McLachlan, A.M.I.C.E. British. 15, West Maitland Street, Edinburgh, 12. Structural 
Engineering Assistant, Ministry of Works, Edinburgh, and Visiting Lecturer in Engineering 
Materials, Herior-Watt College. Signed by: Reginald T. Looney, A. R. Chambers, Gordon H. 
Thomson. 

*Ficken, Geoffrey Ernest. British. 91, Salisbury Avenue, Barking. Student, Imperial College. 
Signed by: E. A. Braude, J. A. Elvidge, G. McLaren. 

Frowde, Stanley Charles, B.Sc. and Ph.D. (Lond.). British. 129, Manchester Road, Denton, Man- 
chester. Chemist, I.C.I. Ltd., Hyde. Signed by : E. D. White, Alan Duerden, W. C. Wilson. 

Gilliland, Raymond Brian, B.A. and B.Sc. (T.C.D.), Irish. 10, Lavarna Road, Terenure, Dublin. Micro- 
biologist. Signed by : W. J. Stringer, Arthur K. Mills, J. Andrews. 

Goalby, Barry Birch, B.A. and B.Sc. (Oxon.), A.R.I.C. British. St. Frideswide’s Vicarage, Oxford. 
Research Scholar, Oxford University. Signed by : J. C. Smith, G. B. Pickering, Harry Irving. 

Gore, David Neville, F.R.I.C., Ph.C. British. ‘‘ Poynings,’’ Ashcombe Road, Dorking. Head, 
Pharmaceutical Research Department, Beecham Research Laboratories. Signed by: David O. 
Holland, T. H. Milner, Wm. Mitchell. 

Griffiths, David Cyril, M.Sc. and Ph.D. (Wales), A.R.I.C. British. 106, Howard Road, Leicester. 
Senior Assistant, Chemistry Department, Leicester College of Technology. Signed by: W. J. 
Jones, S. J. Chard, S. T. Bowden. 
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*Hansell, David Pedrick, B.Sc. (Lond.). British. 9, Nelson Road, Dartford. Assistant Experimental 
Officer, Explosive Research and Development Establishment, Ministry of Supply. Signed by : 
T. M. Walters, Elwyn Roberts, W. W. Jones. 

Harms, Alfred Joseph, B.A. (Cantab.). British. 16, Albemarle Road, Beckenham. Biochemist, The 
Wellcome Physiological Research Laboratories. Signed by : C. G. Pope, W. Mark Duffin, F. C. 
Capp. 

Harrison, Revel, B.Sc. (Manc.), A.R.I.C. British. ‘‘ Seaton,’’ Longford Lane, Gloucester. Head, 
Science Department, Gloucester Technical College. Signed by: Yvonne M. Way, G. Norman 
Burkhardt, A. E. Gillam. 

Hawthorn, John, B.Sc. (Glas.), A.R.I.C. British. 46, Manchester Drive, Glasgow, W.2. Food 
Chemist. Signed by : W. M. Cumming, I. Vance Hopper, F. Rumford. 

Hayes, James Frederick, B.Sc. (Melbourne). British. 11, McWhae Avenue, Ripponlea, Victoria, 
Australia. Chemist. Signed by : E. Heymann, W. Davies, C. Stewart. 

Hunter, Leon, B.Sc. (Glas.), A.R.I.C. British. 12, Wallace Crescent, Denny. Research Student, 
Glasgow University. Signed by : J. M. Robertson, J. W. Cook. James D. Loudon. 

Laidlaw, Roy Alexander, B.Sc. and Ph.D. (Edin.). British. 27, Colinton Mains Grove, Edinburgh, 13. 
Research Chemist, Edinburgh University. Signed by: E. G. V. Percival, Neil Campbell, 
Christina C. Miller. 

Leitch, Leonard Christie, B.Sc. (Ottawa). Canadian. Apartment 2, 130, Barrette Street, Eastview, 
Ontario, Canada. Research Chemist, National Research Council, Canada. Signed by: Adrien 
Cambron, E. W. R. Steacie, R. Norman Jones. 

Lewis, Keith Gray, B.Sc. (Adelaide). British. New England University College, Armidale, 5 N, N.S.W., 
Australia. Lecturer in Chemistry. Signed by : R. J. W. Le Févre, S. J. Angyal, T. Iredale. 
*Little, David John. British. 82, Crown Road, Barkingside, Ilford. Student. Signed by: 

H. Holness, G. Mattock, M. R. Porter. 

Lloyd, Robert Oliver Villiers, B.A. and M.Sc. (T.C.D.). ‘British. 56, Leinster Road, Rathmines, Dublin. 
Research Chemist, A. Guinness & Sons, Ltd. Signed by: Arthur K. Mills, G. J. Stringer, 
J. Andrews. 

Macmillan, John, B.Sc. British. RhyberCottages,Cleghorn. Research Chemist. Signed by : JohnC. 
McGowan, Francis M. Page, G. Raumann. 

Menzies, Alexander Charles George, M.A. (Cantab.), D.Sc. (Lond.). British. 62, Crown Street, Harrow- 
on-the-Hill. Controller of Research and Development, Hilger and Watts, Ltd. Signed by: J.E. 
Coates, N. K. Adam, I. G. M. Campbell. 

Moore, Quintin, B.Sc. and Ph.D. (Glas.), F.R.I.C. British. 234, Kirkintilloch Road, Bishopbriggs, 
Glasgow. Partner, Quinton Moore & Sons, Dumbarton. Signed by: E. J. Schorn, J: Muir 
Leitch, A. Urie. 

Mueller, George, B.Sc. (Oxon.). British. 146, Barnsbury Road, N.1. Research Worker, University 
College, London. Signed by : R. Robinson, J. C. Smith, P. G. Owston. 

*Nicolson, Norman Derek. British. 38, Evanston Avenue, Highams Park, E.4. Junior Chemist. 
Signed by : H. Holness, K. R. Lawrence, R. A. Tingey. 

*Pantony, Donald Albert, B.Sc. (London.), Ph.D. (Leeds), A.R.C.S. British. Wye College, Nr. Ashford. 
Assistant Lecturer at Wye College. Signed by : F. Challenger, R. W. Saville, A. Audsley, F. R. Goss. 

*Pulford, Arthur Graham, B.Sc. (Sydney). British. 40, Portland Street, Dover Heights, Sydney, 
Australia. Research Officer, C.S.I.R. Signed by: A. L. G. Rees, T. Iredale, R. J. W. Le Févre. 

Ridyard, Herbert Norman, B.Sc. (Lond.), F.R.I.C. British. Silverwood, The Drive, Bricket Wood, 
Watford. Research Chemist, Research Association of British Flour Millers. Signed by: 
S. Smiles, A. J. Allmand, S. J. Gregg. 

*Shannon, James Stanley, B.Sc. (Adelaide). Australian. 14, Randolph Street, Thebarton, South 
Australia. Research Scholar, University of Adelaide. Signed by : Lloyd M. Jackman, R. Pettit, 
John A. Mills. 

*Sheard, Gordon Brook, B.Sc.Tech. (Manc.), A.R.I.C., A.M.C.T. British. 2, Houldsworth Road, 
Fulwood, Preston. Analytical Chemist, Ministry of Supply. Signed by : J. R. Sanderson, F. J. 
Woodman, J. Goldon. 

Simes, John Johnson Henry, B.Sc. (Sydney). British. 1, Berongo Street, North Strathfield, N.S.W., 
Australia. Lecturer, Sydney Technical College. Signed by : W.J. Dunstan, T. Iredale, G. Shaw. 

*Stern, Harry, B.Sc. (Lond.). British. 45, Brondesbury Road, Kilburn, N.W.6. Student. Signed 

: W. Davey, F. L. Griffin, L. P. McHatton. 

*Stern, Joy Pamela, B.Sc. (Lond.), A.R.C.S., A.R.LC. British. 39, Langley Park Road, Sutton. 
Research Assistant, Imperial College. Signed by: E. A. Braude, J. F. Heringshaw, Edward S. 
Stern. 

Stubbs, Hubert William Dyson, B.Sc, A.R.I.C. British. 74, Queens Drive, Glasgow, S.2. Research 
Student. Signed by : J. M. Robertson, J. W. Cook, James D. Loudon, S. Horwood Tucker. 
Vickery, Ronald Charles. British. 1, Sprules Road, Brockley, S.E.4. Research Chemist, London and 

Scandinavian Metallurgical Co., Ltd. Signed by : W. Sachs, G. Schmerling, A. Smith. 

Werner, Arthur Eugen. British. c/o Commonside Farm, Alvanley, Nr. Helsby. Industrial Research 
Chemist. Signed by : G. White, N. T. Fox, C. Bloom. 

Williams, Albert Lester, F.R.I.C. British. Public Analyst’s Department, Trafalgar Place, Clive Road, 
Portsmouth. Public Analyst. Signed by : W. B. Chapman, E. Burden, C. G. Lyons. 
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UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 


Angeletti, Antonio, Professor, Dr.Chem. (Rome). Italian. Istituto Chimica Farmaceutica, C. Raffaello 
31, Torino, Italy. Professor of Pharmaceutical Chemistry, University of Turin. Signed by: 
Antonio Nasini. 

Herbert. Canadian. 1128, Chilver Road, Windsor, Ontario, Canada. Chemist, Ford 
Motor Co. Signed by: D.C. Lloyd, I. R. McHaffie. 

Dove, Allan Burgess, B.Sc. (Queen’s University, Ontario), F.C.I.C. Canadian. 283, St. Joseph Street, 
Lachine, P.Q., Canada. Works Superintendent, Steel Co. of Canada, Ltd. Signed by: D. C. 
Lloyd, R. H. Common. 

Fearnley, George. British. 6700, Park Avenue, Montreal 15, Quebec, Canada. Chief Chemist, 
International Paints (Canada), Ltd. Signed by : Adrien Cambron. 

Harrison, Samuel, A.R.I.C. British, P.O. Box 396, Nairobi, Kenya, British East Africa. Chief 
Chemist, Unga Ltd., Nairobi. Signed by : D. W. Kent-Jones. 

Jelinek, Jaroslav G., D.Sc. (Prague). Czech. Stepanska 30, Prague II, Czechoslovakia. Depart- 
ment Chief, United Chemical and Metallurgical Works. Signed by: J. Weigner, J. Heyrovsky. 

Nicholls, Robert Van Vliet, M.Sc. and Ph.D. (McGill). Canadian. Department of Chemistry, McGill 
University, Montreal, Canada. Associate Professor of Chemistry. Signed by : Clifford B. Purves. 

Redmon, Bryan Collins, B.S. (Kentucky), Ph.D. (Mass.). American. c/o U.S. Industrial Chemicals, 
Inc., Research and Development Laboratories, Box 1956, Baltimore 3, Maryland, U.S.A. Research 
Chemist. Signed by : Hugh S. Taylor. 

Rulkens, Jacobus Alfonsus. Dutch. T.O.M’s Laboratories, Ltd., Dar es Salaam, Tanganyika. Pro- 
duction Manager. Signed by : W. D. Raymond. 

Holmes, B.Sc. (McGill). Canadian. Ashbury College, Rockcliffe Park, Ottawa, 
Teacher of Chemistry. Signed by: D. C. Lloyd, R. H. Common. 

*Streitwieser, Andrew, A.B. (Columbia). American. 80-29, 169 Street, Jamaica 3, New York, U.S.A. 
Student. Signed by: William Doering. 

Valentin, Frederick Henry Herman, M.Sc. (Rand.), A.R.I.C. South African. University of Natal, 
Box 1525, Durban, South Africa. Lecturer. Signed by : H. A. E. Mackenzie. 


* Reduced annual subscription. 





PAPERS RECEIVED 
List of papers received between March 17th, 1949, and April 21st, 1949. 


“‘ The dissociation constants of some p-alkoxybenzoic acids.” By G. W. K. CAvILt, N. A. 
GiBson, and R. S. NYHOLM. 

‘“‘ Experiments on the synthesis of rotenone and its derivatives. Part XVI. The synthesis 
of abutic acid and its analogues.’”’ By G. W. Hotton, G. PARKER, and A. ROBERTSON. 

““ Syntheses of glycosides. Part XIV. The synthesis of gein and of the hexa-acetyl- 
B-vicianoside of L-mandelonitrile believed to be the hexa-acetate of vicianin.”” By 
D. N. CHaupHuRY and A. ROBERTSON. 

‘ Tsomerisation reactions. Part II.’”” By G. M. BapGer, W. CARRUTHERS, and J. W. 
Cook. 

‘ Preparation of 8-phenoxypropionic acids by the reaction of phenols with ethyl acrylate.’’ 
By R. H. Hatt and E. S. STERN. 

“New syntheses of heterocyclic compounds. Part XI. 4-Azafluorenones.”” By 
V. PETRow, J. SAPER, and B. STURGEON. 

““ Some derivatives of 1 : 3-dimethyl-2-azafluorenone.”” By H. J. KAHN, V. PETRow, E. L. 
REWALD, and B. STURGEON. 

“The thermotropy of certain benzo-naphtho- and dinaphtho-spiropyrans in benzene 
solution.’”” By A. A. Hukins and R. J. W. LE Févre. 

“ Polarography of quinoline derivatives. Part V. Amperometric titration of copper 
with quinoline-8-carboxylic acid.’” By Joun T. Stock. 

“Cinnolines. Part XXI. Further observations on the Richter synthesis.” By K. 
SCHOFIELD and T. SWAIN. 

“ Cinnolines. Part XXII. Experiments in the indane and tetralin series. Some new 
4-hydroxycinnolines.’””’ By K. ScHOFIELD, T. Swain, and R. S. THEOBALD. 

“Cinnolines. Part XXIII. Some derivatives of 5-, 7-, and 8-nitro-4-hydroxycinnoline. 
4-Hydroxy-7-acetylcinnoline.” By K. ScHorretp and R, S. THEOBALD, 
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“Cinnolines. Part XXIV. Heterocyclic nuclei as substituents in the Widman-Stoermer 
synthesis. Part I. Pyridyl and quinolyl nuclei.’””’ By K. SCHOFIELD. 

“Septum hydrogenation.’”’” By A. R. UBBELOHDE. 

‘ Nuclear-substituted derivatives of 4 : 4’-diaminodiphenyl sulphone.”’ By S. S. BERG. 

“The conversion of sucrose into pyridazine derivatives. Part VII. Some sulphone 
derivatives of 6-methylpyridazine and 6-methy]-3-pyridazone.”’ By HILDA GREGORY, 
W. G. OVEREND, and L. F. Wiccins. 

“The Friedel-Crafts reaction with itaconic anhydride. 6-Phenyl-4-methyl-3-pyrid- 
azone.”” By S. Dixon, HILDA GREGorY, and L. F. WiGGINs. 

“The electron transfer (exchange) between cobaltous and cobaltic amine complexes.” 
By W. B. Lewis, C. D. CorYELL, and J. W. IRviNE, Jr. 

“ The production by cyclotron of some useful radionuclides.” By Joun W. IrvINE, Jr. 

‘ Preparation of organo-cobalt compounds.’’ By D. L. INcLEs and J. B. Potya. 

“ Tsomeric coupling of 1-naphthylamine.’”’ By Haroip S. TURNER. 

“ The effects of hydrazine on the condensation of certain «-ketols and related substances 
with 2 : 4: 5-triamino-6-hydroxypyrimidine.” By H. S. Forrest and J. WALKER. 

‘The oxidation of aromatic compounds by means of the free hydroxyl radical.” By 
J. H. Merz and W. A. WATERS. 

“Properties and orientation of some derivatives of 3-acylchromone.”” By W. BAKER 
and V. S. Butt. 

“ Furano-compounds. Part X. «-Acylcoumarones and a new synthesis of 6-hydroxy- 
2-isopropylcoumaran.” By J. B. D. MAcKENzIE, A. ROBERTSON, and (in part) 
Anis Busura and R. TOWERS. 

“The chemistry of the melanins. Part II. The synthesis of 5 : 6-dihydroxyindole-2- 
carboxylic acid and related compounds.”’ By R. J.S. BEER, L. McGratuH, A. ROBERT- 
son, and A. B. WoopIER. 

“ The instability of some aminobenzyl quaternary salts.” By C. G. Raison. 

“Basic derivatives of steroids. 3-Amino-7 : 12-dihydroxy- and 3-amino-12-hydroxy- 
cholanic acid.’”” By A. S. Jones, M. WEBB, and F. SMITH. 

“‘ Hydroxylation of nitrobenzene.’’ By (Miss) H. Loest, G. STEIN, and J. WEIss. 

“ cis-Elimination in thermal decompositions.”’ By D. H. R. Barton. 

“ Action of Grignard solutions. Part III. Action of Grignard solutions on naphtha- 
sultone and its substituted derivatives.’’ By A. MUSTAFA. 

“The standard electrode potential of the silver-silver chloride electrode in water—glucose 
mixtures.” By M. H. EVERDELL. 

“ Divinyl sulphone and allied compounds.”’ By A. H. Forp-Moore. 

“Organic peroxides. Part I. sec.-Butylbenzene hydroperoxide.’ By E. G. E. 
HAWKINS. 

‘“‘ The Clemmensen reduction of certain «-amino-ketones and its bearing on the reduction 
of 1-keto-octahydropyridocoline.”” By G. R. Clemo, R. Raper, and H. J. Viponp. 

‘“‘ The separation of aromatic amines by partition chromatography. Part I. An investi- 
gation of the N-alkylation of 3: 5-dinitroaniline.’” By J. C. Roperts and K. 
SELBY. 

“‘ A novel synthesis of histidine.’”” By A. C. Davis and A. L. Levy. 

“ The resolution of methylisobutylcarbinol.”” By J. Kenyon and H. E. Strauss. 

“‘ Aromatic hydrocarbons. Part LIII. 7:8-Benzheptaphene.”” By E. CLar. 

“A kinetic study of organic inhibitors of the reaction between magnesium and acids.’’ 
By R. Hurst and M. A. JERMYN. 

“Synthesis of fluoranthenes. Part I. Michael addition of fluorene-9-carboxylates to 
crotononitrile. Syntheses of 2-methyl- and of 2: 4-dimethyl-fluoranthene.”’ By 
S. Horwoop TUCKER. 

“ The conversion of arylureas into symmetrical diarylureas. A note on the melting points 
of certain substituted ureas.” By F. Kurzer. 

“ The stereochemistry of santonin, 8-santonin, and artemisin.” By D. H. R. BARTON. 

“ Organic fluorides. Part I. Fluorination of hydrocarbons,” By W. K. B. MusGRAVE 
and F. Situ. 
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“‘ Organic fluorides. Part II. The effect of metals on the fluorination of hydrocarbons.” 
By W. K. B. MusGRAvE and F. Smitu. 

“‘ Organic fluorides. Part III. Determination of fluorine.” By W. K. B. Muscrave, 
F. Smitu, and J. C. TaTLow. 

“‘ The configuration of naturally occurring mixed glycerides. Part V. The configuration 
of the major component glycerides of cacao butter.’”’ By M. L. MEARA. 

‘‘ Flavonols from the bark of Melicape ternata. PartI. The isolation of four new flavonols, 
meliternatin, meliternin, ternatin, and wharangin.” By L. H. Briccs and R. H. 
LOCKER. 

‘“‘ Flavonols from the bark of Melicape ternata. Part II. A synthesis of meliternin, iso- 
kanugin, and allied flavonols.”” By L. H. Briccs and R. H. Locker. 

‘“‘ Absorption spectra of organic sulphur compounds. Part V. Valence vibration fre- 
quencies and hydrogen-bond formation of sulphoxide and sulphone groups.’’ By 
D. BARNARD, JOYCE M. FABIAN, and H. P. Koc. 

‘ A new valency of protoactinium.’’ By G. BoutssizREs and M. HAIssINsKy. 

““ New experiments on the cathodic deposition of radio-elements.’’ By M. HAIssInsky 
and A. CocHE. 

‘“‘ The position of the cis- and trans-uranic elements in the periodic system: uranides or 
actinides? ’’ By M. HalssINsky. 

“A new method for the detection and determination of uranium.’”’ By T. V. ARDEN. 
F. H. BurstAatt, and R. P. LInsTeap. 

“Study of fertilizer uptake using radio-phosphorus.”” By J. W. T. Spinks and H. G. 
Dion. 


‘“‘ Studies with radioactive penicillin.’’ By S. Row.Lanps, D. Row Ley, and E. LESTER 
SMITH. 

‘‘ The separation of ®*Br from neutron-irradiated NaBrO,.” By E. BERNE. 

“The self-diffusion of Ag and Hg in Ag,Hgl,.”” By K. E. ZimEn, G. JOHANSON, and 
M. HILLERT. 

‘‘ Some derivatives of benzylallylacetic acids.’”” By N. CAMPBELL and H. WANG. 

‘‘ Preparation of spiropyrans derived from 9-methyl- and 9-ethyl-thioxanthylium and 
9-benzylxanthylium salts. The action of Grignard solutions on thermochromic 
spiropyrans.” By A. MUSTAFA. 


“Some reactions of arylsulphonylpropane derivatives.”” By C. C. J. CULVENOR, 
W. Davies, and W. E. SAVIGE. 
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ADDITIONS TO THE LIBRARY 


I. Donations 


Actg, C., and Brecker, K, Hartmetall- 
werkzeuge: Wirkungsweise, Behandlung, 
Konstruktion und Anwendung. 2nd edition. 
Berlin 1937. pp. 234. ill. (Recd. 30/3/49.) 

ByOrnsTAHL, Y. The new laboratory of 
physical chemistry at Uppsala University. 
Lund 1934. pp. iv+ 266. ill. (Recd. 
30/3/49.) From Dr. H. de Laszlo. 

BRITISH CHEMICALS AND BIOLOGICALS, LTD. 
A cumulative index to the Annual Reports of 
the Chemical Society, Vols. 1—42 (1904—-1945). 
Part 1. A-K. Loughborough 1949. pp. 
[ii] + 257. (Reference.) 

From Dr. G. M. Dyson. 

CoPpPER DEVELOPMENT ASSOCIATION. Cop- 
per compounds in agriculture and industrial 
microbiology. London 1948. pp. 117. ill. 
(Recd. 30/3/49.) 

Dotcu, P. Wassergas; Chemie und Tech- 
nik der Wassergasverfahren. Leipzig 1936. 
pp. vi+ 268. ill. (Recd. 30/3/49.) 

From Dr. H. de Laszlo. 

Fiat REVIEW OF GERMAN SCIENCE, 1939— 
1946. Ferrous metallurgy. Vol. 1. By W. 
EILENDER and G. BANDEL. Bielefeld 1948. 
pp. [x] + 367. (Two copies.) 

—— Mineralogy. By H. Stemnmetz [and 
others]. Wiesbaden 1948. pp. [vii] + 304. 
(Reference.) From the Department of 

Scientific and Industrial Research. 

FORTSCHRITTE DES CHEMISCHEN APPARATE- 
WESENS. Edited by A. BrAveR and J. 
ReitsTOTTER. Elektrische Ofen. 4 Parts. 
Leipzig 1934—1935. pp. iv +176; . 160; 
160; 160. ill. (Reference.) 

From Dr. H. de Laszlo. 

FRANCE, Centre D’Etudes et Recherches des 
Charbonnages. Note Technique, No. 47/1, 
etc. Paris 1947+. (Reference.) 

From the Director. 

—— Ministre de L’Air. Publications 
scientifiques et techniques, No. 244. Thermo- 
cinétique. By P. VERNOTTE. Paris 1949. 
pp. xxii+ 459. ill. (Recd. 5/4/49.) 

From the Faraday Society. 

Henry, T. A. The plant alkaloids. 4th 
edition. London 1949. pp. xxiv + 804. 
Churchill. 63s. (Recd. 15/3/49.) 

From the Author. 

Krécer, M. [and others]. Grenzflachen- 
Katalyse. Leipzig 1933. pp. viii + 387. ill. 
(Recd. 30/3/49.) From Dr. H. de Laszlo. 

BERTHELOT, D. Notice sur les titres et 
travaux scientifiques. Paris 1902. pp. 61. 
ill. From Dr. E. Maddison. 


Main, W. Les . explosifs : 
fabrication, propriétés, applications. Paris 
1933. pp. vi+ 202. ill. (Recd. 30/3/49.) 

PFLtckE, M., and WALTHER, G. Chemisch- 
technische Entwicklung auf dem Gebiete der 
Kohlenwasserstofféle. Vol. 2. 1928—1932. 
Berlin 1934. pp. xx + 695. (Recd. 30/3/49.) 

ScHwarz, E. Wie setzen wir die Verluste 
an fliichtigen Lésungsmitteln herab? Ein 
Buch fiir die Praxis. Berlin 1934. pp. 150. 
ill. (Recd. 30/3/49.) From Dr. H. de Laszlo. 

Socift& CHIMIQUE DE FRANCE. Vie et 
ceuvres de Joseph-Achille Le Bel, publiées a 
l’occasion du centenaire de sa naissance. 
By M. DELEPINE. Paris 1949. pp. 222. ill. 
(Recd, 21/3/49.) From the Director. 

YarsLey, V. E., and Couzens, E. G. 
Plastics. Harmondsworth 1941. pp. 159. 
ill. (Recd. 30/3/49.) 

ZEERLEDER, A. von. Technologie des 
Aluminiums und seiner Leichtlegierungen. 
Leipzig 1934. pp. x-+ 289.- ill. (Recd. 
30/3/49.) From Dr. H. de Laszlo. 


composition, 


Il. By Purchase 


ADVANCES IN CaTALysis and related sub- 
jects. Edited by W. G. FRANKENBURG, V. I. 
KomaREwsky, and E, K. Ripgar. Vol. I, 
etc. New York 1948+. (Reference.) 
Academic Pr. $7.80. 

ALEXANDER, A. E., 
Colloid Science. Vols. I and II. Oxford 
1949. pp. xxii+ 554; viii + 555—837. 
Clarendon Pr. 60s. (Recd. 4/4/49.) 

DuveEEN, D. I. Bibliotheca alchemica et 
chemica; an annotated catalogue of printed 
books on alchemy, chemistry and cognate 
subjects in the library of D. I. DuvEEn. 
London 1949. pp. viii+ 670. ill. (Refer- 
ence.) E. Weil. £9 9s. 

FLeury, P., and Courtois, J. Les dia- 
stases. Paris 1948. pp. 216. ill. Colin. 
Fr. 150. (Recd. 16/3/49.) 

FREY-WYSSLING, A. Submicroscopic 
morphology of protoplasm and its derivatives. 
Translated by J. J. Hermans and M. Hot- 
LANDER. Amsterdam 1948. pp. viii + 255. 
ill. Elsevier. $6.00. (Recd. 4/4/49.) 

GaRSIDE, J. E. Process and physical 
metallurgy. London 1949. pp. xx + 499. 
ill. Griffin. 40s. (Recd. 4/4/49.) 

HEISENBERG, W. Two lectures. I. The 
present situation in the theory of elementary 
particles. II. Electron theory of super- 
conductivity. Cambridge 1949. pp. 52. ill. 
Cambridge Univ. Pr. 3s. 6d. (Recd. 4/4/49.) 


and JoHNsON, P. 
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LonsDALE, K. Crystals and X-rays. Lon- 
don 1948. pp. viii+ 199. ill. Bell. 21s. 
(Recd. 4/4/49.) 

Lotui1an, G. F. Absorption spectrophoto- 
metry. London 1949. pp. 196. ill. Hilger 
and Watts. 26s. (Recd. 5/4/49.) 

MARTINENGHI, G. B. Chimica e tecnologia 
degli oli, grassi e derivati. 2nd edition. 
Milano 1948. pp. xx + 746. ill. L. 2800. 
Hoepli. (Recd. 4/4/49.) 

ScHwartz, A. M., and Perry, J. W. Sur- 
face active agents: their chemistry and 
technology. New York 1949. pp. xii + 579. 
ill. Interscience. $10.00. (Recd. 5/4/49.) 

SINGER, G. The earliest chemical industry. 
An essay in the historical relations of econo- 
mics and technology illustrated from the alum 
trade. London 1948. pp. xviii + 337. ill. 
(Reference.) Folio Society. £10 10s. 

STEPHENS, W. E. ([Editor.} Nuclear 
fission and atomic energy. Lancaster, Pa. 
1948. pp. x + 294. ill. Science Pr. $5.00. 
(Recd. 17/3/49.) 

Stewart, A. W., and GRAHAM, H. Recent 
advances in organic chemistry. 7th edition. 


Vol. III. London 1948. pp. xii + 387. ill. 
Longmans. 38s. (Recd. 17/3/49.) 
Totansky, S. Multiple-beam  interfero- 


metry of surfaces and films. Oxford 1948. 
pp. viii+ 187. ill. Clarendon Pr. 18s. 
(Recd. 4/4/49.) 

WEIsSBERGER, A. ([Editor.] Technique of 
organic chemistry. Vol. II. Catalytic re- 
actions. By V. I. Komarewsxy and C. H. 
Riesz. Photochemical reactions. By W. A. 
Noyes, JUN., and V. BOEKELHEIDE. Electro- 
lytic reactions. By S. Swann, Jun. New 
York 1948. pp. x-+ 219. ill. Interscience. 
$5.00. (Recd. 4/4/49.) 

WooprorrE, OD. 


{Editor.] Standard 


handbook of industrial leathers, dealing with 
the production, testing, application and care 
and maintenance of industrial leathers. Lon- 
don 1949. pp. 316. ill. 
(Recd. 4/4/49.) 


National Trade Pr. 
25s. 





III, Pamphlets. 


BENNETT, A. H. [and others]. Phase 
microscopy. (Zvans. Amer. Microscop. Soc., 
Vol. 65, No. 2.) 1946. pp. 33. ill. 


DEPARTMENT OF SCIENTIFIC AND INDUus- 
TRIAL RESEARCH. Fuel Research Board. The 
winning, harvesting and utilization of peat. 
London 1948. pp. iv + 24. 

IoDINE EDUCATIONAL Bureau. Iodine for 
animal nutrition. London. 1948. pp. 20. 
ill. 

Mayow, J. On respiration; being a trans- 
lation of the first edition of his De Respiratione. 
Edited by L. Dopsin. Edinburgh 1946. pp. 
24. 

MINNESOTA UNIVERSITY Hormel Institute. 
Publication, No. 20. A survey of present 
knowledge, researches and practices in the 
United States concerning the stabilization of 
fats. By W. O. LuNDBERG. Minneapolis 
1947. pp. 45. 

MINISTRY OF AGRICULTURE AND FISHERIES. 
National Agricultural Advisory Service. Re- 
port on perosis. By K. A. Hype, with a note 
by E. W. NicHTaLt. London 1948. pp. 32. 
ill. 

PENFOLD, A. R. Plastics and synthetic 
fibres. (Sydney Museum of Technology and 
Applied Science Bulletin, No. 28.) Sydney 
1948. pp. 31. 

SuGAR RESEARCH FOUNDATION, _INc. 
Scientific Report Series, No. 12. The utiliza- 
tion of sucrose by the mammalian organism. 
New York 1949. pp. [vi] + 46. 
Technological Report Series, No. 5. 
Sugar and sugar by-products in the plastics 
industry. By L. Lone, jun. New York 
1949. pp. [vi] + 66. ill. 

UNDERWRITERS’ LABORATORIES, INc. Bul- 
letin of Research, No. 39. The comparative 
explosion hazard of ammonium nitrate con- 
taining organic matter. By A. H. NUCKOLLS. 
Chicago 1947. pp. 27. ill. 
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LOCAL REPRESENTATIVES OF THE CHEMICAL SOCIETY. 


Aberdeen. 


Australia. 
Birmingham. 


Bristol. 
Cambridge. 
Canada. 
Edinburgh. 
Eire. 
Exeter. 
Glasgow. 
Hull. 
India. 


Leeds. 
Liverpool. 


Manchester. 


Newcastle and 
Durham. 
New Zealand. 


Northern Ireland. 


North Wales. 
Nottingham. 
Oxford. 


St. Andrews and 
Dundee. 


Sheffield. 
South Africa. 


Southampton. 
South Wales. 


J. M. C. Thompson, M.A., D.Phil., A.R.I.C., Chemistry Department, 
Marischal College, The University, Aberdeen. 

T. Iredale, B.Sc., F.R.1.C., The University, Sydney, Australia. 

L. L. Bircumshaw, M.A., D.Sc., Department of Chemistry, The 
University, Edgbaston, Birmingham, 15. 

F. H. Pollard, B.Sc., Ph.D., A.R.I.C., Chemistry Department, The 
University, Woodland Road, Bristol. 

B. Lythgoe, Ph.D., Organic Chemistry Department, The University, 
Cambridge. 

W. D. McFarlane, M.A., Ph.D., The Laboratories, The Canadian 
Breweries Ltd., 496, Queeen Street East, Toronto, 2. 

N. Campbell, Ph.D., Chemistry Department, King’s Buildings, West 
Mains Road, Edinburgh. 

V. C. Barry, D.Sc., F.R.L.C., Chemistry Department, University 
College, Upper Merrion Street, Dublin. 
S. J. Gregg, Ph.D., A.R.C.S., A.R.I.C., Department of Chemistry, 
Washington Singer Laboratories, Prince of Wales’ Road, Exeter. 
J. C. Speakman, M.Sc., Ph.D., Chemistry Department, The University, 
Glasgow, W.2. 

Professor Brynmor Jones, Sc.D., Ph.D., F.R.I.C., University College, 
Hull. 

Sir Shanti S. Bhatnagar, O.B.E., D.Sc., F.R.S., Council of Scientific 
and Industrial Research, New Delhi, India. 

F. R. Goss, D.Sc., Ph.D., F.R.I.C., The University, Leeds, 2. 

W. B. Whalley, B.Sc., Ph.D., F.R.I.C., Organic Chemistry Department, 
The University, Liverpool. 

L. A. Haddock, M.Sc., F.R.LC., I.C.I., Ltd. (General Chemicals 
Division), Research Department, Widnes Laboratory, Widnes. 

G. Baddeley, M.Sc., Ph.D., The College of Technology, Manchester. 

J. C. Withers, Ph.D., A.R.I.C., Shirley Institute, Didsbury, Manchester. 

P. L. Robinson, D.Sc., F.R.I.C., Chemistry Department, King’s 
College, Newcastle-on-Tyne. 

Professor F. G. Soper, D.Sc., Ph.D., F.R.1.C., University of Otago, 
Dunedin, New Zealand. 

H. Graham, D.Sc., A.R.I.C., 26, Malone Hill Park, Belfast. 

W. Rogie Angus, M.A., D.Sc., Ph.D., F.R.1.C., Department of 
Chemistry, University College of North Wales, Bangor. 

J. C. Roberts, Ph.D., B.Pharm., A.R.I.C., University College, 
University Park, Nottingham. 

W. A. Waters, M.A., Sc.D., Ph.D., F.R.I.C., Balliol College, Oxford. 

J. D. M. Ross, M.B.E., M.A., D.Sc., Chemistry Department, University 
College, Dundee. 

A. H. Lamberton, B.Sc., Ph.D., Chemistry Department, The Univer- 
sity, Sheffield, 10. 

Professor W. Pugh, Ph.D., B.Sc., F.R.I.C., Chemistry Department, 
University of Cape Town, Rondebosch, S. Africa. 

K. R. Webb, B.Sc., Ph.D., University College, Southampton. 

Professor C. W. Shoppee, Ph.D., D.Sc., D.Phil., A.R.C.S., F.R.L.C., 
University College, Singleton Park, Swansea. 





May, 1949. 


PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY 





Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House, London, W.1, on Thursday, April 28th, 1949, at 7.15 p.m. 
Proressor D. H. Hey, D.Sc., F.R.I.C., Honorary Secretary, was in the Chair. 


MINUTES 


The Minutes of the meeting held at Burlington House on Thursday, March 17th, 1949, 
were read, and were confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 


The following were admitted Fellows of the Society: P. J. Dyne, G. J. Szasz, J. A. 
Gray, J. A. Leisten, D. A. C. Dewdney, H. E. Strauss, J. S. Morgan, Sydney S. Brown, 
D. R. Atkinson, James L. Everett, Victor Shashoua. 


SCIENTIFIC COMMUNICATIONS. 

The following papers were read and discussed : 

“Charge Distribution and Bond Orders in Aminostilbene and Related Molecules.” 
By C. A. Coulson and (Miss) J Jacobs. 

“The Gattermann-Koch Reaction. Parts I and II.” By M. H. Dilke and D. D. 
Eley. 
“The Reaction of Methyl Radicals with Olefins. Parts I, II, and III.” By C. J. 
Danby, Sir Cyril Hinshelwood, and F. A. Raal. 





Minutes of a 
SCIENTIFIC MEETING 


held at the Royal Institution, Albemarle Street, W.1, on Thursday, May 12th, 1949, 
at 7.15 p.m. 


The President, Sir IAN HEILBRON, D.S.O., D.Sc., LL.D., F.R.S., was in the Chair. 


MINUTES 


The Minutes of the Scientific Meeting held at Burlington House on Thursday, April 
28th, 1949, were read, and were confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 


The following were admitted Fellows of the Society: Deirdre K. Wilson, J. D. Rose, 
N. J. Holness, H. R. Crumpler, Doreen M. Hardy, W. M. Stanier, Zena M. E. Maxwell, 
T. H. Anderson, P. T. Beecham, R. H. Marchant. 


LECTURE 


After a brief introduction the President called upon Dr. E. Lederer to give his lecture 
entitled, “‘ The Chemistry and Biochemistry of some Mammalian Secretions and Excre- 
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tions.” A discussion followed, and a vote of thanks to Dr. Lederer, proposed from the 
Chair, was carried with acclamation. 





Minutes of a 


SCIENTIFIC MEETING 


held at the University College of the South West of England, Exeter, on Friday, 
May 20th, 1949, at 4.30 p.m. 


The President, Sir IAN HE1LBRON, D.S.O., D.Sc., LL.D., F.R.S., was in the Chair. 


Before the meeting began, Professor H. T. S. Britton warmly welcomed the Society 


to Exeter for an Official Meeting, and the President cordially expressed his thanks to the 
University College. 


FORMAL ADMISSION OF FELLOWS. 


The following were admitted Fellows of the Society: S. J. Gregg, R. King, W. J. 
Toop, R. S. Theobald, John J. Sudborough, G. Havord, H. Fine, K. H. Wheatley, W. H. 


Lewis, L. H. Long, J. S. Whitehurst, F. W. Cornish, D. R. Glasson, S. H. Warren, K. J. 
Hill. 


LECTURE. 


The President delivered a lecture entitled, ‘‘A New Approach to the Synthesis of © 
Azoles and Purines.” 
At the conclusion of the meeting Professor Britton called upon Mr. G. Havord to 


propose a vote of thanks to the President, which was seconded by Mr. G. S. Tucker, 
and carried with acclamation. 





Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House, London, W.1, on Thursday, May 26th, 1949, at 7.15 p.m. 
The President, Srr IAN HEILBRON, D.S.O., D.Sc., LL.D., F.R.S., was in the Chair. 
MINUTES. 


The Minutes of the meetings held at the Royal Institution on Thursday, May 12th, 
1949, and at the University College of the South West of England, Exeter, on Friday, 
May 20th, 1949, were read, and were confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 
The following were admitted Fellows of the Society: S. T. Collins, A. M. Michelson, 
H. Davoll, J. Davoll, I. L. Simmons, R. W. Saville, W. G. Overend, S. K. K. Jatkar. 


SCIENTIFIC COMMUNICATIONS. 
The following papers were read and discussed : 


“Deoxy Sugars. Parts V, VI, and VII.” By R. E. Deriaz, W. G. Overend, M. 
Stacey, J. Stanek, (Miss) E. G. Teece, and L. F. Wiggins. 

‘The Reaction between Aromatic Compounds and Derivatives of tert.-Acids. Parts 
I, II, I1I, IV, and V.” By E. Rothstein and R. W. Saville. 
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OFFICIAL ANNOUNCEMENTS 


DEATHS. 
The Council regret to announce the deaths of the following Fellows : 


Elected. Died. 
Charles Thomas Bennett (S.W.12) Feb. 17th, 1904. Mar. 18th, 1949. 
Sir Wyndham Rowland Dunstan (Farnham 

Common) C. 1888—91; S. 1893—1903; V.P. 

1903—06 Dec. 18th, 1879. Apr. 20th, 1949. 
Narendra Nath Dutta (Calcutta) May 2nd, 1946. Apr. 6th, 1949. 
James Hendrick (Aberdeen) Feb. 18th, 1892. Feb. 25th, 1949. 
Frederic Stanley Kipping (Criccieth) C. 1894— 

96; V.P. 1908—11, 1921—23 May 7th, 1891. May Ist, 1949. 
Sir Robert Robertson (W.C.1), C. 1919—22; 

V.P. 1926—29, 1936—39 Feb. 21st, 1907. Apr. 28th, 1949. 
Hector Stewart (Australia) June 18th, 1902. 1948 
William George Wagner (N.W.10) Dec. 6th, 1894. Mar. 19th, 1949. 
Rowland Williams (Ringwood) June 2lst, 1883. Jan. 7th, 1949. 


CONGRATULATIONS. 
(a) Fellowship of the Royal Soctety. 


The President has conveyed the congratulations of the Society to the following Fellows 
who were elected Fellows of the Royal Society on March 17th, 1949 : 


Ulick Richardson Evans. 

Edward David Hughes. 

Walter Thomas James Morgan. 

Gordon Brims Black McIvor Sutherland. 
Frank George Young. 


(b) 60 and 50 years of Fellowship. 


The President has also conveyed the congratulations of the Society to Mr. Charles 
James Grist (Brewood) who completed 60 years of Fellowship on May 16th, 1949, and 
to the following who completed 50 years of Fellowship on May 4th, 1949: 


Alfred Ernest Bond (Kidderminster). 
James McLeod (Glasgow). 

Robert Tatlock Thomson (Glasgow). 
Ernest Albert Tyler (Swansea). 
Allan Frederick Walden (Oxford). 


COMMITTEES 1949—1950. 
The thanks of Council have been conveyed to the retiring Members of Committees 


for the services they have rendered to the Society. The following have been appointed 
for 1949—1950 : 


Finance and General Purposes Committee 


Dr. H. J. Channon, Professor J. W. Cook, Professor R. P. Linstead, Mr. J. R. Park, 
Dr. W. D. Scott, Sir John Simonsen, Dr. D. T. A. Townend, Professor W. Wardlaw, 
together with the Officers, the Chairman of the Publication Committee and the repre- 
sentative of the Joint Library Committee on the Council of the Chemical Society, with 
the President as Chairman, Treasurer as Vice-Chairman, and the General Secretary as 
Secretary. 

Research Fund Committee 


Professor C. E. H. Bawn, Professor C. W. Davies, Professor M. G. Evans, Professor 
R. D. Haworth, Professor C. K. Ingold, Professor E. R. H. Jones, Professor J. Read, 
Professor E. E. Turner, Professor A. R. Ubbelohde, together with the Officers, with the 
President as Chairman, and the General Secretary as Secretary. 
* 





60 


Publication Committee 


Professor W. Baker, Mr. R. P. Bell, Dr. G. M. Bennett, Dr. F. Bergel, Dr. A. H. Cook, 
Dr. F. S. Dainton, Professor C. W. Davies, Professor M. G. Evans, Professor C. S. Gibson, 
Mr. D. Ll. Hammick, Sir Cyril Hinshelwood, Professor F. E. King, Professor G. A. R. Kon, 
Professor R. P. Linstead, Professor H. W. Melville, Professor R. G. W. Norrish, Pro- 
fessor S. Peat, Dr. S. G. P. Plant, Professor E. K. Rideal, Professor J. M. Robertson, 
Dr. F. L. Rose, Dr. H. N. Rydon, Dr. B. C. Saunders, Dr. D. W. G. Style, Professor 
S. Sugden, Professor A. R. Todd, Professor W. Wardlaw, Professor T. S. Wheeler, Pro- 
fessor F. G. Young, together with the Officers, with Sir Cyril Hinshelwood as Chairman, 
and the Editor as Secretary. 


LOCAL REPRESENTATIVE FOR MANCHESTER. 


The Council have accepted with regret the resignation of Dr. J. C. Withers as joint 
Local Representative for Manchester and have appointed Dr. M. A. T. Rogers as his 
successor. 


ELECTION OF NEW FELLOWS. 
The following 188 candidates were elected Fellows of the Society on May 12th, 1949: 


Henry Edwin Akerman. 

Donald Edward Ames. 

David Grant Anderson. 

Frank Adrien Louis Anet. 

John Anthony. 

Alfred Ashdown. 

Richard Maxwell Atkinson. 

Promode Ranjan Banerjea. 

Jack Barrott. 

John Maxwell Bather. 

Ludwig Bauer. 

John William Bayles. 

Rhona Beal. 

James David Becket. 

Arnold Heyworth Beckett. 

Maurice Bell. 

John Huxtable Bendle. 

Alan Bertram Bentley. 

Michael John Birchenough. 

Theodore Bassett Bird. 

John Stuart Bizzell. 

Eric James Bohl. 

Leopold Bressloff Bourne. 

Peter Broadbent. 

Frank Broomhead. 

Alexander Byers. 

Alan Calderbank. 

Willy Camiglieri. 

Charles Campbell. 

Hugh Hannay Campbell. 

Jack Richard Cannon. 

om Raymond Carding. 
illiam Carruthers. 

Donald John Casimir. 


Kenneth Frederick Chackitt. 


James Chadwick. 

Eric Isherwood Chappell. 
Frederick Everrett Childs. 
Peter Frederick Clark. 


James Gordon Charles Cobb. 


Gerald Vivian Coles. 
Stanley Thomas Collins. 
Cyril Pelham Conduit. 
elen Joyce Cottrell. 
Charles Barrie Coulson. 


Roger Pierre Jean Coussens. 
Michael John Cross. 

Claude Charles Joseph Culvenor. 
Walter Lamb Davidson. 
Jack Norman Davies. 
Anthony Charles Davis. 
Eric Noel Davis. 

Francis Medcalf Dean. 
Charles George Edward Deer. 
Eric Dernie. 

Dennis Henry Desty. 
Kenneth Wallace De Witt. 
Haydn Geoffrey Dickenson. 
William White Easton. 
Arnold John Edwards. 
Aubrey Harris Edwards. 
Fathy Mohamed Abd El-Halim. 
Raymond Noel Faulkner. 
Hugh Fraser Ferguson. 
Alan Victor Few. 

Ernest Barford Fielding. 
Michael Frederick Fletcher. 
Daniel Godfrey Flynn. 
Frank Leach Foster. 
Norman Albert Jessel Franklin. 
Hans Charles Freeman. 

José Miguel Gamboa. 
Charles Hugh Giles. 

Donald Albert Ginger. 
Eugene Alfred Gisel. 

Victor Sydney Griffiths. 
Aleksander Jerzy Groszek. 
Ronald George Halford. 
Ronald Halstead. 

George Kenneth Hampshire. 
Robert Percy Handford. 
Anthony John Harding. 
Derek Adlington Harris. 
John Rufford Harrison. 
Charles Emile Henkart. 
Harold Gordon Henshall. 
William Thomas Herbert. 
Basil Jason Heywood. 
Lubomir Hnilica. 

Leslie Hough. 





Raymond John Howe. 
Jean Irene Hullah. 
Harold Reginald Hutley. 
Roland Bernard Jacobi. 


Shankar Khando Kulkarni Jatkar. 


James David Johnston. 
Pierre Jolibois. 

Zvi Enrico Jolles. 

Edwin Charles Jones. 
Ahmed Abdel Hamid Ali Kabesh. 
Sidney Louis Kidman. 
Soren Gustav Laland. 
William Alfred Lalande. 
Dudley Coates Lloyd. 
Raphael Lobo-Mendonca. 
Mary Winifred Lowe. 
Joseph Shanks McLean. 
Alexander John MacNaughton. 
Jacques Malan. 

Carl Martin. 

Alexander Robinson Mathieson. 
James Mayes. 

Ernest Mehl. 

Arun Chandra Metra. 

John Noel Milne. 

Sylvia Minahan. 

Donald Montgomery. 
Alexander Lang Morrison. 
George Harvey Nancollas. 
Michael Wells Neil. 

Roy Gerald Neville. 

Alan Thomas Norman. 
Alfred Edward Oates. 

S. Padmanabhan. 

Stanley John Palling. 
Francis Harry Panton. 
Dennis Edward Parkes. 
Frederick John Parmenter. 
Anthony Mesnard Parsons. 
Aubrey Andrew Pedrick. 
Ernest John Pieper. 
Anthony Gerald Poole. 
Arthur David Geiger Powell. 
Percy Francis George Praill. 
Harry Pritchard. 

Jack Augustus Radley. 
Raymond Rands. 

Kilaru Nageswara Rao. 
John Howard Ridd. 


John Ritchie. 
Geoffrey Arthur Hammond Roberts. 
Ivan Maurice Roitt. 
Leonard Cyril Roselaar. 
a, Bernard Rushton. 
enneth Saddington. 
Jack Palmer Savage. 
— Frederick Pratt Scallan. 
raidoun Shafizadeh. 
Basil Robert Shephard. 
Charles Leslie Shrewsbury. 
Ronald Horace Shrimpton. 
Robert Silberschmidt. 
Ivor Lawrence Simmons. 
Violet Catherine Sinclair. 
Everard John Smith. 
Peter Smith. 
William Cuthbert John Smith. 
Ian Fletcher Buchanan Smyth. 
Stephen Charles James Christopher Snell. 
Ernest Spinner. 
Donald Arthur John Starkey. 
Jean Walker Summerscales. 
John Doran Sutton. 
Frank Tattersall. 
John Michael Tedder. 
Howard Thomas. 
Herbert Timmington. 
Wladimir Trzebiatowski. 
Dennis George Tuck. 
Lev Turnovsky. 
Frederick Tweedie. 
Michael David Francis Tyrrell. 
Gilbert Northcott Walton. 
Charles Edward Waterhouse. 
William Watt. 
Paul John Kenneth Westby. 
Geoffrey Fitzwalter Herron Whitney. 
Hermann Walter Johannes Will. 
Alan Fowler Williams. 
John Robert Willimott. 
Dennis Geoffrey Murray Wood. 
Geoffrey William Wood. 
Albert William Thomas Woodward. 
Ralph Eric Worthington. 
Dudley Cyril Brazier Wright. 
Richard Donald Wright. 
Kenneth Evans Yates. 
William Howard Yates. 


ENDOWED LECTURES 1949—1950. 


The following Fellows have been invited to give Endowed Lectures during the Session 
1949—1950 : 


Faraday Lecturer. 


Professor G. Hevesy. 


Pedler Lecturer. 
Professor J. W. Cook. 


Tilden Lecturers. 


Professor M. G. Evans. 
Professor F. S. Spring. 
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LIBRARY. 


From July 16th until September 30th the Library will be open from 10 a.m. to 5 p.m. 
daily except during the fortnight August Ist to August 13th, 1949, inclusive, when it 
will be closed for revision and cleaning. 


MEETING OF COUNCIL. 


A Meeting of Council was held on May 12th, 1949. 

It was agreed to subscribe to a Declaration which had been submitted by the Royal 
Society and which would help scientists to obtain, from libraries and other information 
bureaux, a single photostat copy of one paper without having to apply to the Society 
for specific permission in each case. 

It was reported that the thanks of the Council had been conveyed to those at the 
Atomic Energy Research Establishment who were responsible for making the arrangements 
in connection with that part of the Anniversary Meetings held in Oxford. 

The thanks of the Society had been conveyed to Dr. A. F. Campbell and Mr. W. B. 
Saville who had made gifts of the Society’s publications. 

Dr. F. M. Hamer was appointed to represent the Society on the British Standards 
Institution Technical Committee LGE/19—Colour Terminology. 

Certain formal and financial items were transacted. 





MEETINGS OUTSIDE LONDON 
EIRE. 


“Recent Progress in the Chemistry of Pectins and Hemicelluloses,” by Professor 
E. L. Hirst, M.A., D.Sc., F.R.S. 


A joint meeting with the Werner Society was held in the Chemistry Department, Trinity 
College, Dublin, on May 6th, 1949, with Professor W. Cocker in the Chair. 
Professor Hirst said examination of the polysaccharides of the biologically important 


group of substances designated the hemicelluloses reveals the frequent simultaneous 
occurrence of materials containing the stereochemically related sugar residues D-glucose, 
D-glucuronic acid, and D-xylose. In pectic substances the corresponding residues are 
D-galactose, D-galacturonic acid, and L-arabinose. There are reasons for the belief 
that these are true biogenetic relationships, operating by way of oxidation at C, of the 
hexose, followed by decarboxylation, but it is clear that the transformation must take 
place at the monose stage, the molecular structure of the polysaccharides rendering inter- 
transformation of the polymers impossible. As examples of the types of structure encoun- 
tered, xylan from the hemicelluloses in wood, and galactan, pectic acid and araban from 
the pectic materials, were selected for a more detailed survey. Recent work on highly 
purified xylan has shown that this polysaccharide is of comparatively low molecular 
weight and contains only 1 : 4-8-linked xylose residues, arabinose residues being absent 
from the molecule. The galactan present in pectic materials contains 1 : 4-6-linked galac- 
tose residues ; pectic acid has 1 : 4-«-linked galacturonic acid residues, whilst the accom- 
panying araban has a branched-chain of arabofuranose residues united respectively 
through C,, C,, and C,, and C,, Cs, and C;. 

An interesting discussion followed, and the thanks of the meeting were conveyed by 
the Chairman to Professor Hirst. 


HULL. 
“ The Nature of Scientific Convictions,” by Professor M. Polanyi, F.R.S. 


A joint meeting with the local section of the Royal Institute of Chemistry and the 
University College Scientific Society was held in the General Science Lecture Theatre of 
University College on February 24th, 1949, with Professor Brynmor Jones in the Chair. 

Professor Polanyi gave a most stimulating lecture which was greatly appreciated by 
the very large audience of scientists, economists, and social science students. After a 
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lively discussion, a vote of thanks to Professor Polanyi, proposed by Mr. Roger Wilson, 
was carried with acclamation. 


NORTH WALES. 


“Some Problems in the Chemistry of the Pectins and Hemicelluloses,” by Professor 
E. L. Hirst, M.A., D.Sc., F.R.S. 


A joint meeting with University College of North Wales Chemical Society was held 
in the Department of Chemistry, University College of North Wales, Bangor, on May 5th, 
1949. 

Professor Hirst reviewed the progress of investigations into the structures of pectins 
and hemicelluloses, and directed attention particularly to the nature and characterisation 
of the repeating units of these polymers and to the nature of end groups. The com- 
plexity of the problem was illustrated by reference to the composition of different pectic 
substances and mucilages. 

A discussion ensued, and subsequently, on the call of Professor S. Peat, Professor 
Hirst was warmly thanked for his interesting and lucid lecture. 


SOUTHAMPTON. 


“Some Aspects of Aromatic Substitution,’ by Professor Brynmor Jones, Sc.D., 
F.R.LC. 


A joint meeting with the Chemical Society of University College, Southampton, was 
held in the Physics Department of University College, on May 6th, with Mr. E. Cartmell 
in the Chair. 

Professor Brynmor Jones discussed in practical detail and with slides of experimental 
results, the kinetics of chlorination ortho to the -OR group in compounds of the type 


ro? Nx, where X is a halogen or carboxyl. Interesting suggestions relating to 


the division of the energy increment of the reaction into separate additive quantities 
characteristic respectively of each substituent and of the benzene ring seem to be sup- 
ported by the experimental evidence. 

A brisk discussion followed, and a vote of thanks to Professor Brynmor Jones, pro- 
posed by Dr. N. B. Chapman, was warmly accorded. 


LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objections to the election of these candidates should communicate with the 
Honorary Secretaries within ten days of the date of publication of the “ Journal’’ for May, 1949. Such 
objections will be treated as confidential. The forms of application are available in the Library.) 


Angus, George Bagrie, B.Sc. (Edin.), A.R.I.C. British. 12, Fraser Road, Calverley, Nr. Leeds. Chief 
Chemist and Director, John Crossley & Sons, Ltd., Halifax. Signed by: H. A. Thomas, C. S. 
Whewell, J. B. Speakman. 

Armstrong, Alastair William, B.Sc. (Aberd.), A.R.I.C. British. 59, Hamilton Drive, Glasgow, W.2. 
Assistant Chemist, J. & R. Tennent, Glasgow. Signed by : A. R. Jamieson, Henry G. A. Anderson, 
W. M. Cumming. 

Barnes, William, B.Sc. (Glas.), A.R.I.C. British. c/o Mr. Gillett, 68, Ashby Road, Loughborough. 
Research Chemist, British Chemicals and Biologicals, Ltd. Signed by: F. F. Stephens, J. A. 
Marriott, N. A. Hurt. 

Booth, Frederick Leslie, F.R.I.C. British. Bleak House, Bleak Street, Cobridge, Stoke-on-Trent. 
Technical Manager. Signed by : Harold Smith, E. M. Joiner, J. W. Parkes. 

Butcher, Kenneth William George. British. 3, Totham Lodge, Richmond Road, West Wimbledon, 
S.W.20. Chemist. Signed by : George W. Ferguson, Ralph E. Bowman, P. R. Booth. 

Copley, George Novello, M.Sc. (Manc.), F.R.I.C. British. 17, Calderstones Avenue, Liverpool, 18. 
Senior Lecturer in Physical Chemistry. Signed by: A. E. Findlay, R. R. Butler, L. H. W. Hallett. 

*Cowley, Peter Ronald Eric John, B.Sc. (Lond.). British. 2, Wyndham Road, Edgbaston, Birming- 
ham, 16, Industrial Chemist. Signed by : Norman Grassie, L. L. Bircumshaw, James C. Robb. 
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Dacre, Jack Craven, M.Sc. (N.Z.), A.N.Z.I.C. British. Department of Biochemistry, London School 
of Hygiene & Tropical Medicine, Keppel Street, W.C.1. Research Student. Signed by: L. H. 
Briggs, H. Raistrick, J. H. Birkinshaw. 

Dean, Eric Douglas Miller, M.Sc. (L’pool). British. St. Catharines College, 6, Botolph Lane, Cam- 
bridge. Research Student. Signed by : J. N. Agar, F. S. Dainton, E. Collinson. 

Drinkwater, Philip. British. Main Drainage Works, Byegrove Road, Colliers Wood, S.W.19. Chemist, 
Wandle Valley Joint Sewerage Board. Signed by : Arnold Kershaw, Ronald Hicks, C. B. O. Jones, 

*Edgerley, Peter George, B.A. (Oxon.). British. The Old Bell House, Tyler’s Green, High Wycombe. 
Research Student. Signed by : H. B. Everard, R. D. Smith, P. W. Allen. 

Faires, Ronald Arthur, A.R.I.C. British. 11, Letcombe Avenue, Fitzharrys Park, Abingdon. Senior 
Experimental Officer, Ministry of Supply. Signed by : W. J. Arrol, R. Spence, F. Hudswell. 
Gaston, Alexander George Alfred Mitchell, B.Sc. (Lond.), A.R.I.C. British. 22, Brock Street, Bath. 

Chief Chemist, Bath Gas Company. Signed by : Arthur Marsden, H. J. Willavoys, G. V. James. 

Gregson, Harry, B.Sc. & Ph.D. (Lond.), A.R.I.C. British. 17b, Church Street, Golborne, nr. War- 
rington. Lecturer in Chemistry, Wigan Technical College. Signed by: Malcolm Crawford, 
Arnold Cooksey, Arthur V. Harrison. 

*Haiba, El Ahmadi Ibrahim, B.Sc. (Farouk I). Egyptian. 5, Maresfield Gardens, N.W.3. Research 
Student, Queen Mary College. Signed by : F. Said, A. H. Fathallah, E. D. Totman. 

Harrison, George Arthur Frederick, B.A. (T.C.D.), A.R.I.C. Irish. 32, Furry Park, Raheny, Co. 
Dublin. Analytical Research Chemist, St. James Gate Brewery. Signed by: W. J. Stringer, 
Arthur K. Mills, J. E. Mulvey. 

Hensman, Jack, B.Sc. (Lond.), A.R.I.C. British. 74, Buckminster Road, Leicester. Chief Research 
and Works Chemist. Signed by : A. M. Hall, D. H. Burton, Claude M. Blow, D. F. H. Button. 

*Heron, John Richard, B.Sc. (Lond.), A.R.C.S. British. Kilifi, Broomhall Road, Woking. Student. 
Signed by : Harold Heron, D. S. Payne, J. F. Herringshaw. 

Heweihi, Zaki el, B.Sc. (Cairo). Egyptian. Universitatstrasse 84, c/o Bussard, Ziirich, Switzerland. 
Student. Signed by : L. Ruzicka, G. W. Kenner, H. G. Khorane. 

Howard, Donald Kearey, B.Sc. (Manc.). British. 152, Beresford Road, Longsight, Manchester, 13. 
Research Chemist. Signed by: A. E. Gillam, E. R. H. Jones, G. N. Burkhardt. 

Howling, Harold Lawson. British. 8, Trap Lane, Sheffield, 11. Student. Signed by: James 
McKenna, R. D. Haworth, P. L. Pauson. 

James, Benjamin Crowther, B.Sc. (Lond.), A.R.C.S., F.R.L.C. British. 35, Stanagate, Clifton, Preston. 
Civil Servant. Signed by : Thomas P. Gervis, F. J. Woodman, R. A. E. Galley. 

Kieso, Anwar Abdul Mesieh, Ph.D. (Ziirich). Iraqi. The Imperial College, South Kensington, S.W.7. 
Postgraduate Student. Signed by: A. G. Pollard, A. A. Eldridge, P. A. Moore. 

Litmanowitsch, Menasche, D.Phil. (Ziirich). Swiss. 15, Downing Court, Brunswick Square, W.C.1. 
Student, University College, London. Signed by : C. K. Ingold, H. G. Poole, E. D. Hughes. 
*Long, Richard. British. 4, Fullerton Road, Stoke, Devonport, Plymouth. Student, University 

College, Exeter. Signed by: H. T. S. Britton, S. J. Gregg, R. King. 

Mackay, George, M.A. (Cantab.), A.R.I.C. British. 16, Augusta Terrace, Whitburn, Sunderland. 
Senior Chemistry Master, Ryhope Grammar School. Signed by : Joseph Gibson, J. H. Wilkinson, 
J. W. Boyd. 

Moodie, Thomas, A.R.I.C. British. c/o Rattray, 2, Gladstone Place, Leith, Edinburgh, 6. Brewery 
Chemist. Signed by : Hugh B. Nisbet, J. W. Ingham, A. Mackie. 

Waind, Gwyneth Martha, M.Sc. (Wales). British. c/o The Principal’s Lodgings, Mansfield College, 
Oxford. Research Student, Oxford University. Signed by : E. J. Bowen, R. F. Barrow, Edward 
Gelles. 

Waugh, John Lodovick Thomson, B.Sc. (Glas.), A.R.I.C. British. 4, Myrtle Park, Crosshill, Glasgow, 
S.2. Research Student. Signed by : Christina T. Lewin, John A. Mair, James D. Loudon. 

Wells, Ronald Alfred, B.Sc. (Lond.), A.R.I.C. British. 16, Green Close, Carshalton. Research 
Chemist. Signed by: R. P. Linstead, F. H. Burstall, G. R. Davies. 

Wilson, Andrew Cook, F.R.I.C. British. 33, Clydesdale Street, Hamilton. Public Analyst and 
County Chemist. Signed by: A. R. Jamieson, W. M. Cumming, E. J. Schorn. 

Worsnop, James Donald Craven, M.Sc. (Leeds), A.R.I.C. British. 378, Railway Street, Nelson. 
Lecturer in Inorganic Chemistry, Burnley Municipal Technical College. Signed by: Frederick 
Challenger, F. R. Goss, J. W. Baker. 

Wright, John Randall, B.Sc. (Sheffield). British. 7, Whirlowdale Crescent, Sheffield, 7. Chief 
Chemist, Messrs. Geo. Barrett & Co. Signed by : H. W. Bywaters, R. D. Haworth, T. S. Stevens. 

Zaki, Mohib, B.Sc. (Cairo). Egyptian. 30, Queeri’s Gate, S.W.7. Postgraduate Student, Imperial 
College. Signed by: A. G. Pollard, F. Said, G. Williams. 


UNDER SPECIAL PROVISIONS APPERTAINING TO CANDIDATES RESIDENT 
ABROAD. 

Davidsohn, Alfred. Israeli. P.O. Box 1102, Massada Street, 3, Haifa, Israel. Research Chemist, 
Palestine Oil Industries “‘ Shemen’’ Ltd., Haifa. Signed by : D. H. Kohn. 

Mislow, Kurt Martin, B.S. (Tulane University), Ph.D. (Calif. Institute of Technology). American. 
Department of Chemistry, New York University, University Heights, New York, 53, New York. 
Instructor in Chemistry. Signed by : William Doering. 
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Murray, William Mozley, Jr., M.A. (Emory University), Ph.D. (Princeton). American. 917, South 
20th Street, Birmingham 5, Alabama. Signed by : Wilbur A. Lazier. 

Witucki, Robert Martin, M.Sc. (University of Notre Dame). American. 198, Westerly Parkway, 
State College, Pennsylvania. Student. Signed by : George J. Janz. 


* Reduced annual subscription. 





PAPERS RECEIVED 
List of papers received between April 21st and May,19th, 1949. 


“ Self-diffusion in some solids.”” By R. LINDNER. 

“ The halides of columbium (niobium) and tantalum. Part II. The vapour pressure of 
tantalum pentaiodide.”” By K. M. ALEXANDER and F. FAIRBROTHER. 

“ Studies on the rare earth tungstates.”” By R. C. VICKERY. 

“Chemistry of the interhalogen compounds. Part II: potassium hexafluoroiodide.” 
By H. J. EMELeus and A. G. SHARPE. 

“Triethylenediamine (1: 4-diazobicyclo[2:2:2joctane) and hexaethylenetetramine. 
Part I. Synthesis and properties.” By F. G. MANN and D. P. MUKHERJEE. 

“The preparation and reactions of 4-amino-2-carboxymethylthiopyrimidines.” By 
G. H. Hitcuincs and P. B. RussELL. 

“Experiments on the synthesis of purine nucleosides. Part XXIV. 9-p-Galactosido-2- 
methylthioadenines.”” By K. J. M. ANDREws, G. W. KENNER, and A. R. Topp. 

“ Aryl-2-halogenoalkylamines. Part III. The reaction of NN-di-(2-chloroethyl)-A- 
anisidine and @-naphthylamine in aqueous acetone salt solutions.” By W. C. J. 
Ross. 

“ Studies in the formation mechanisms of alkyl orthosilicates.” By DupLEY RIDGE and 
MARGARET TODD. 

_ “The seed fat of Ginothera biennis L.” By J. P. RILey. 

“ Degradation of «-amino-acids by biochemically important substances.” By A. ScHon- 
BERG, R. MOUBASHER, and (in part) A. MosTaFa (Mrs. SAID). 

‘Some chemical problems in the use as a fumigant of methyl bromide labelled with ®*Br.” 
By F. P. W. WINTERINGHAM. 

“Some reactions of 3 : 5-di-iodoanisaldehyde.” By J. H. WILKINSON. 

“ The action of selenious acid on alkyl ethers of phenols.”” By G. V. Boyp, M. Doucurty, 
and J. KENYON. 

“ Experiments on the interaction of hydroxy-compounds and phosphorus and thionyl 
halides in the absence and in the presence of tertiary bases. Part VI.”” By MARIANNE 
C. BERLAK and WILLIAM GERRARD. 

“Studies in the azole series. Part XIX. Reactions with 2-mercaptothiazol-5-one.” 
By J. D. Brtiimorta and A. H. Cook. 

“ Studies in the azole series. Part XX. Some novel syntheses of purines and thiazolo- 
pyrimidines.” By A. H. Cook and E. SMITH. 

“The preparation of «-N-alkylamino-nitriles, -amides, and -acids.” By A. H. Cook 
and S. F. Cox. 

“Studies in the azole series. Part XXI. Experiments with N-alkylamino-nitriles.” 
By A. H. Cook and S. F. Cox. 

“Studies in the azole series. Part XXII. The synthesis of N-alkylamino-acids.” By 
A. H. Cook and S. F. Cox. 

“2 : 5-Diketomorpholines, their synthesis and stability.” By A. H. Cook and S. F. Cox. 

“ Synthetic studies in the penicillin field. Part I. The reactions between oxalyl chloride 
and certain thiazolidines.” By R. BentLtey, A. H. Coox, J. A. ELvipce, and 
G. SHAW. 

“Synthetic studies in the penicillin field. Part II. The anhydrides of 2-carboxy-4- 
carbomethoxy-3-oxalo-5 : 5-dimethyl-2-isopropylthiazolidine.” By R. BENTLEY, 
A. H. Cook, and J. A. ELVIDGE. 
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“* Synthetic studies in the penicillin field. Part III. The preparation of model thiazolines 
and thiazoles.’”” By R. BenTLeEy, A. H. Cook, and J. A. ELVIDGE. 

“ Synthetic studies in the penicillin field. Part IV. Some 2-substituted thiazolines 
and their reactivity.” By A. H. Cook, J. A. ELVIDGE, and G. SHAw. 

“The diacrylate and dimethacrylate of 2-butyne-1:4-diol.” By L. F. Wiccins and 
D. J. C. Woop. 

“ The interaction of the silver salts of optically active acids with bromine.” By F. BEL 
and I. F. B. SMyTu. 

“The properties of freshly formed surfaces. Part X. A new contracting liquid jet 
technique for the study of soluble films at small surface ages.” By C. C. ADpIson 
and T. A. ELLiortr. 

“The polymerisation of methacrylamide and the alkaline hydrolysis of the polymer.” 
By C. L. Arcus. 

“The action of thionyl chloride on some esters of N-dithiocarboxyamino-acids.”’ By 
CHARLES E, DALGLIESH. 

“Experiments on the synthesis of purine nucleosides. Part XXV. 1:2:3:5-Tetra- 
acetyl D-arabofuranose and the D-arabofuranosides of theophylline and adenine.” 
By N. W. Bristow and B. LYTHGOE. 

““ Deoxyribonucleosides and related compounds. Part I. Synthetic applications of some 
1-halogeno-2-deoxy-sugar derivatives.” By J. DAVOLL and B. LYTHGOE. 

“ Tonic association in aqueous solutions of uranyl sulphate and uranyl nitrate.” By R. H. 
Betts and Rita K. MICHELs. 

“Theory of chromatography. Part VI. Precision measurements of adsorption and 
exchange isotherms from column elution data.” By E. GLUECKAUF. 

“Ton exchange studies. Part I. The sodium-hydrogen system.” By J. F. DuNcAN 
and B. A. J. Lister. 

“‘ Radioactive halogens and the mechanism of replacement reactions.” By E. D. HuGHEs. 

“‘ The reactions of high energy particles with nuclei.” By GEOFFREY WILKINSON. 

“‘ Studies on neutron deficient radioactive isotopes.” By GEOFFREY WILKINSON. 

“ Quinoxaline oxides. Part II. The action of hydrochloric acid on 3-ethoxy-2-methy]l- 
quinoxaline l-oxide.” By Witt1amM Dawson, G. T. NEWBOLD, and F. S. SPRING. 
“The application of the Hofmann reaction to the synthesis of heterocyclic compounds. 
Part VII. Synthesis of pyridopyrimidine derivatives.” By A. C. McLEAN and 

F. S. SPRING. 

“‘ Synthesis of flavacol a metabolic product of Aspergillus flavus.” By GEORGE Dunn, 
G. T. NEWBOLD, and F. S. SPRING. 

“Gliotoxin. Part II. Degradative and synthetic studies on dethiogliotoxin.” By 
J. A. ELvipceE and F. S. Sprinec. 
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ADDITIONS TO 


I. Donations 


BrITISH PLasTics YEAR Book 1949. Lon- 
don 1949. pp. 510. ill. (Reference.) 

From the Publishers, Messrs. Iliffe & Sons Ltd. 

Davies, O. L. Statistical methods in re- 
search and production, with special reference 
to the chemical industry. 2nd edition. Lon- 
don 1949. pp. xii+ 292. ill. 28s. (Recd. 
7/4/49.) 

From the Publishers, Messrs. Oliver & Boyd. 

D6OBEREINER, J. W. Zur Chemie des 
Platins in wissenschaftlicher und technischer 
Beziehung. Stuttgart 1836. pp. [v] + 103. 
ill. (Reference.) [Photostat copy.] 

From Messrs Johnson, Matthey & Co. Ltd. 

Dorfe, C. Les méthodes de la chimie 
de la cellulose comprenant des méthodes de 
recherches sur les “ celluloses composées.” 
Translated from the 2nd edition by H. CHENE 
and M. CHENE. Paris 1949. pp. xiv + 578. 
ill. Dunod. (Recd. 28/4/49.) 

From the Author. 

Fiat REVIEW OF GERMAN SCIENCE 1939— 
1946. Electronics including fundamental 
emission phenomena. Part II. By G. Gov- 
BAU and J. ZENNECK. Wiesbaden 1948. 
pp. [iv] + 288. ill. (Two copies.) 

Physics of liquids and gases. 
E. Kappler [and others]. Wiesbaden 1948. 
pp. [viii] + 348. ill. (Two copies.) 

Physics of the electron shells. 
H. KopFERMANN [and others]. Wiesbaden 
1948. pp. [viii] + 130. ill. (Two copies.) 
From the Department of Scientific and Indus- 
trial Research. 

REsINouSs Propucts & CHEMICAL Co. 
The Resinous Reporter, Vol. 9, No. 4. Phila- 
delphia 1948. From the Director. 
Continued in Roum & Haas Co. The Rohm 
& Haas Reporter, which see. 

RIEDIGER, B. Brennstoffe; Kraftstoffe; 
Schmierstoffe. Eine Einfiihrung in _ ihre 
Chemie und Technologie fiir Ingenieure. 
Berlin 1949. pp. xii+ 484. ill. (Recd. 
25/4/49.) From the Publishers, Springer. 

Roum & Haas Co. The Rohm & Haas 
Reporter, Vol. 7, etc. Philadelphia 1949+. 
(Reference.) From the Director. 

WENGER, P.-E., Monnier, D., and Rus- 
coni, Y. Manuel théorique et pratique d’an- 
alyses chimiques qualitative et volumétrique. 
Paris 1948. pp. 182. (Recd. 6/4/49.) 

From the Authors. 


By 


By 


II. By Purchase 


AMERICAN ASSOCIATION OF Economic EN- 
TOMOLOGISTS. Journal of Economic Entom- 


THE LIBRARY 


ology, Vol. 41, etc. Menasha 1948+-. 
ence.) $4.50 per ann. 

AMERICAN PuBLic HEALTH ASSOCIATION 
and ASSOCIATION OF OFFICIAL AGRICULTURAL 
CuEMIsts. Standard methods for the ex- 
amination of dairy products. 9th edition. 
New York 1948. pp. xxi + 373. ill. (Refer- 
ence.) $4.00. 

AMERICAN SOCIETY FOR TESTING MATE- 
RIALS. Symposium on spectroscopic light 
sources. Philadelphia 1948. pp. [vi] + 79. 
ill. (Reference.) 

—— Symposium on functional tests for 
ball bearing greases. Philadelphia 1949. pp. 
[vi] + 103. ill. (Refervence.) 

Brown, G. G. [and others]. Natural 
gasoline and the volatile compounds. Sec- 
tion I. Tulsa 1948. pp. [iv] + 92. ill. 
Natural Gasoline Assoc. of America. $4.00. 
(Recd. 10/5/49.) 

CALvIN, M. [and others]. Isotopic carbon ; 
techniques in its measurement and chemical 
manipulation. New York 1949. pp. xiii + 
376. ill. Wiley. $5.50. (Recd. 10/5/49.) 

DIsERENS, L. The chemical technology of 
dyeing and printing. Vat, sulfur, indigosol, 
azo and chrome dyestuffs and their auxiliaries. 
Translated and revised from the 2nd German 
edition by P. WEeNGRAF and H. P. BAUMANN. 
New York 1948. pp. xxii + 500. Reinhold. 
$11.00. (Recd. 10/5/49.) 

Jounson, B. C. Methods of vitamin de- 
termination. Minneapolis 1948. pp. iv + 
109. ill. Burgess. $3.00. (Recd. 10/5/49.) 

KasBaT, E. A., and Mayer, M. M. Ex- 
perimental immunochemistry. Springfield 
1948. pp. xv + 567. ill. Thomas. $8.75. 
(Recd. 10/5/49.) 

KLEMENC, A. Die Behandlung und Rein- 
darstellung von Gasen. 2nd edition. Wien 
1948. pp. x + 258. ill. Springer. (Recd. 
3/5/49.) 

MEUNIER, P., and Vinet, A. Chromato- 
graphie et mésomérie, adsorption et réson- 
ance. Paris 1947. pp. 126. ill. Masson. 
Fr. 280. (Recd. 2/5/49.) 

PRESTON, J. M. [Editor.] Fibre science. 
Manchester 1949. pp. [xiv] + 341. ill. 
Textile Inst. 30s. (Recd. 13/4/49.) 


(Refer- 


SANDERSON, R. T. Vacuum manipulation 
of volatile compounds: a laboratory manual 
describing the application of high vacuum 
technique in experimental chemistry. New 


York 1948. pp. viii + 162. 
$3.00. (Recd. 10/5/49.) 
SHERMAN, H. C. Food products. 4th 
edition. New York 1948. pp. vii + 428. 
ill. Macmillan. $4.80. (Recd. 10/5/49.) 


ill. Wiley 
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SmitH, D. P. Hydrogen in metals. Chi- ill. Verlag Stahleisen. RM. 38.65. (Recd, 
cago 1948. pp. xiii + 366. ill. Univ. of 11/5/49.) 
Chicago Pr. $10.00. (Recd. 10/5/49.) WINDERLICH, R. Chemie formt Wirtschaft 
Som, Science SocreTy oF AMERICA. Pro- und Kultur. Ohringen 1941. pp. 148. ill, 
ceedings 1946. Vol. 11, etc. Morgantown Rau. RM.4.20. (Recd. 11/5/49.) 
1947+. (Reference.) 
STAUDINGER, H., and RIENACKER, G. 
Tabellen fiir allgemeine und anorganische 
Chemie. 4th edition. Karlsruhe 1946. pp. att. Pangan 
[iv] + 192. ill. (Reference.) Braun. RM. ATLAS PowDER Co. Industrial Chemicals 
7.20. Department. Surface active agents. Wil- 
[UNITED STATES] NATIONAL ACADEMY OF mington 1948. pp. [iv] + 74. ill. 
ScreNcES. The chemistry of penicillin. Re- AUSTRALIA, COMMONWEALTH OF. Council 
port on a collaborative investigation by for Scientific and Industrial Research. Aero- 
American and British chemists under the joint nautical Research Report ACA-38. Izod, 
sponsorship of the [UNITED StaTEs] Office of tensile and hardenability tests on some air- 
Scientific Research and Development and the craft steels of Australian manufacture. By 
MEDICAL RESEARCH CounciL, London. Edi- A. R. Epwarps and F. G. Lewis. Mel- 
ted by H. T. Crarke, J. R. Jonnson, and bourne 1948. pp. 23. ill. 
Str RoBERT Rosinson. Princeton 1949. CEMENT AND CONCRETE ASSOCIATION. 
pp. x-+ 1094. ill. (Reference.) Princeton Library bibliography of cement and con- 
Univ. Pr. $36.00. crete. List of books and papers contained in 
VANDERBILT RUBBER HANDBOOK. 9thedi- libraries in the London area. 2nd edition. 
tion. Edited by S. S. Rocrers. New York London 1949. pp. [ii] + 46. 
1948. pp. 719. ill. (Reference.) $7.50. UNITED STATES. Department of Commerce. 
VEREIN DEUTSCHER EISENHUTTENLEUTE. National Bureau of Standards. Applied 
Handbuch fiir das Eisenhiittenlaboratorium. Mathematics Series, 4. Tables of scattering 
Vol. 2. Die Untersuchung der metallischen functions for spherical particles. Washing- 
Stoffe. Diisseldorf 1941. pp. xxi-+ 598. ton 1948. pp. xiii + 119. 





June, 1949. 


PROCEEDINGS 


CHEMICAL SOCIETY 





OFFICIAL ANNOUNCEMENTS 


DEATHS. 


The Council regret to announce the deaths of the following Fellows : 


Charles Alexander Buckmaster (W.3) 


Viscount Leverhulme (E.C.4) 


Clifford Hanks Robinson (Ottawa) 


ELECTION OF NEW FELLOWS. 


Elected. Died. 
— Ist, 1876. May 24th, 1949. 
ec. 6th, 1934. May 27th, 1949. 
Oct. 19th, 1939. Jan. llth, 1949. 


The following 62 candidates were elected Fellows of the Society on June 2nd, 1949: 


Antonio Angeletti. 


Robert Alexander Brock Bannard. 


Stephen Bayne. 
Thomas Daniel Brogan. 
a Patrick Bryon. 

enneth Butler. 
Wilfred Ernest Cash, 
James Cassidy. 
Herbert Cheesman. 
Norman Edward Cooke. 
Austin James Bruce Cruickshank, 
Alfred Paton Coleman Cumming. 
Kenneth Gerrard Cunningham. 
William John Davis. 
Allan Burgess Dove. 
Ronald Arthur Eade. 
Edward Robert Cyril Edyvean. 
Abdel Mohsen E]- “Abbady. 
Wilfred Bernard England. 
James McLachlan Fairlie. 
George Fearnley. 
Geoffrey Ernest Ficken. 
Stanley Charles Frowde. 
Raymond Brian Gilliland. 
Barry Birch Goalby. 
David Neville Gore. 
David Cyril Griffiths. 
David Pedrick Hansell. 
Alfred Joseph Harms. 
Reuel Harrison. 
Samuel Harrison. 


RESEARCH FUND GRANTS. 


ohn Hawthorn. 
James Frederick Hayes, 
on Hunter. 
ag G. Jelinek. 
oy Alexander Laidlaw. 
Leonard Christie Leitch. 
Keith Gray Lewis. 
David John Little. 
Robert Oliver Villiers Lloyd. 
Alexander Charles George Menzies, 
Quintin Moore. 
George Mueller. 
Robert Van Vliet Nicholls. 
Norman Derek Nicolson. 
Donald Albert Pantony. 
Arthur Graham Pulford. 
Bryan Collins Redmon. 
Herbert Norman Ridyard. 
acobus Alfonsus Rulkens. 
ames Stanley Shannon. 
Gordon Brook Sheard. 
Leonard Holmes Sibley. 
— Johnson Henry Si 


Stern. 
loy Puhate Stern. 
Andrew Streitwieser. 
Hubert William Dyson Stubbs. 
Frederick Henry Herman Valentin. 
Ronald Charles Vickery. 
Arthur Eugen Werner. 
Albert Lester Williams. 


The following grants have been awarded from the Research Fund : 


R. C. Pink, Queen’s University, Belfast. 


Properties of metal soaps prepared 


from dicarboxylic acids and their solutions in organic solvents ”’ 


G. E. Coates, The University, Bristol. 
reactions of beryllium alkyls ” 


“ Physical ey and the chemical 


E. D. M. Dean, Department of Physical Chemistry, “Cambridge. " Over- 
potential of hydrogen on mercury in alkaline solutions” ... cco ove 
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D. H. Everett, University College, Dundee. ‘‘ Thermodynamics of aqueous 
- solutions ”’ one ooo eee see ove 
K. Schofield, University College, ‘Exeter. (1) “‘ Experiments towards the 
synthesis of quinones in the cinnoline and quinazoline series, for the pur- 
poses of oxidation-reduction potential measurements.”’ (2) “ Reduction 

of cinnoline derivatives ”’ nes ei 

A. H. Johnson, West of Scotland Agricultural College, "Glasgow. “ Reaction 
of polyhydric alcohols with thionyl chloride ” ote ons 

F. Kurzer, King’s College of Household and Social Science, London. a “ Cyan- 
amides : Mechanism of the formation of maseeedatiad arylcyanamides from 
arylureas ”’ ‘ oe eee oes soe 

R. F. Garwood, Queen Mary College, London. “Use of tert-butyl hypo- 
chlorite as a chlorinating agent ” ve eee ove ese eee 
Ingrid G. Roe, Queen Mary College, London. ; “ Electrochemistry of non- 
aqueous solutions ”’ ae s ote a aa 

R. H. Davies, University College, Swansea. “ Studies of the effect of centri- 
fugal force on the potentials of galvanic cells — anhydrous hydrogen 
cyanide as solvent ” , pid sae des 

C. B. Monk, University College of Wales, Aberystwyth, “ Further studies of 
polyvalent electrolytes ”’ , ee wer ne ads 


MEETING OF COUNCIL. 


A Meeting of Council was held on Thursday, June 2nd, 1949. 

It was reported that arrangements were being made for the 109th Annual General 
Meeting to be held in Edinburgh in 1950. 

A design submitted by Mr. Percy Metcalfe, C.V.O., for the Corday-Morgan Medal 
was approved. 

Acknowledgment was made of gifts of the Society’s publications which had been 
received from Mr. G. F. Smith and Messrs. Barnett and Foster, Ltd. 

Certain formal and financial items were transacted. 


BRITISH STANDARDS INSTITUTION. 


The following draft of British Standards Specification has been received for technical 
comment : 


CK(ELE)3468—Draft British Standard “for 9 cm. and 19 cm. X-Ray Diffraction 
Powder Cameras. 


These have been placed in the Library, and Fellows wishing to make technical comment 
are requested to do so before September 9th, 1949, to the British Standards Institution, 
24/28, Victoria Street, London, S.W.1. 


VAN 'T HOFF FUND. 


The Committee of the Van ’t Hoff Fund for the endowment of investigations in the 
field of pure and applied chemistry invites applications for grants from the fund. 

The amount available for 1950 is about 1500 Dutch guilders, and applications should 
be sent by registered post to “‘ Het Bestuur der Koninklijke Nederlandse Academie voor 
Wetenschappen, bestemd voor de Commissie van het ‘ Van ’t Hoff Fonds,’ Trippenhuis, 
Kloveniersburgwal 29, Amsterdam,” before November Ist, 1949. Applicants must 
state the amount of the grant desired and the purpose for which it is desired. 
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MEETINGS OUTSIDE LONDON 


EIRE. 

“The Chemistry and Biochemistry of Some Mammalian Secretions and Excretions,”’ 
by Dr. E. Lederer. 

A meeting was held in the Chemistry Lecture Theatre, Trinity College, Dublin, on 
May 16th, 1949, with Dr. V. C. Barry in the Chair. 

Dr. Lederer delivered his lecture, which was followed by an interesting discussion. 
Dr. V. C. Barry conveyed the thanks of those present to the lecturer. 


LEEDS. 


“The Chemistry and Biochemistry of Some Mammalian Secretions and Excretions,” 
by Dr. E. Lederer. 


A meeting was held in the Chemistry Department of the University on May 20th, 
1949, with Dr. F. R. Goss in the Chair. 

Dr. Lederer’s lecture dealt mainly with the structure of some constituents of castoreum, 
wool fat, and ambergris. 

Following an interesting discussion, a vote of thanks, proposed by Dr. W. S. Reich, 
was carried with acclamation. 





LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objections to the election of these candidates should communicate with the 
Honorary Secretaries within ten days of the date of publication of the Journal for June, 1949. Such objections 
will be treated as confidential. The forms of applications are available in the Library.) 


Blundell, Laurence Walter, M.Sc. (Lond.), A.R.C.S., D.I.C., F.R.I.C. British. 5, Beckton Gardens, 
Beckton, E.6. Superintendent, North Thames Gas Board’s Tar and Ammonia Products Works, 
Beckton. Signed by : W. Gordon Adam, H. Hollings, R. P. Linstead. 

Bright, Norman Francis Henry, B.Sc. and Ph.D. (Bristol), A.R.I.C. British. 33, Well Street, West 
Kilbride. Research Chemist, 1I.C.I. Signed by : S. Fordham, John Whetstone, J. C. Cuthill. 
*Bruml, Peter, B.Sc. (Lond.). British. 22, Cleve House, Cleve Road, N.W.6. Research Chemist. 

Signed by : Ernest M. Gutmann, D. G. M. Wood, G. A. Schmeidler. 

Cartwright, Peter Frank Sedgeley, B.Sc. (Lond.). British. 73, Surbiton Road, Southend-on-Sea. 
Industrial Chemist. Signed by: J. E. B. Price, G. J. Trower, D. Ridge. 

Das, Amarendra Nath, B.Sc. (Patna). Indian. 43, Anson Road, N.7. Analytical Chemist. Signed 
by : Thomas McLachlan, F. A. Lyne, C. G. Smith. 

*Easterby, Denis George, B.Sc. (Bristol). British. 95, Christchurch Road, Newport. Research 
Student. Signed by : F. H. Pollard, L. Hough, J. K. N. Jones. 

*Fearn, Raymond Joseph, A.R.I.C. British. 46, Balance Hill, Uttoxeter. Assistant Chemist, West 
Middlesex Main Drainage. Signed by : William T. Lockett, W. Davey, L. F. Oliver. 

*Ferrett, Desmond John. British. Merton College, Oxford. Student, University of Oxford. Signed 
by : W. A. Waters, E. J. Bowen, Courtenay Phillips. 

Foster, Andrew McMechan, M.Sc. (Q.U.B.). British. c/o 15, Reservoir Road, Olton, Nr. Birmingham. 
Industrial Chemist. Signed by : D. Bryan, M. W. Holloway, J. G. Weighall. 

Gardner, Desmond. British. 142, St. Andrew’s Road, Northampton. Student. Signed by: B. A. 
Willson, D. R, Bell, W. Siddall. 

Gourley, Samuel. British. 10, Park Road, Saltcoats. Research Chemist. Signed by : James Taylor, 
John W. Tait, J. W. Cook. 

Hornsey, Hugh Cardozo. British. 22, Kelvin Avenue, Palmers Green, N.13. Analytical Food 
Chemist. Signed by: S. T. P. Brightwell, C. G. Smith, W. A. Smeaton. 

*Hunter, Kenneth John. British. 92, Northcote Road, S.W.11. Student, Chelsea Polytechnic. 
Signed by : J. F. J. Dippy, J. McGhie, D. R. Goddard. 

Johnson, Cecil Alfred, B.Pharm. (Lond.), Ph.C. British. 26A, Warwick Road, New Barnet. Assistant 
Analyst. Signed by : Nathan Fisher, R. E. Bowman, D. J. G. Ives. 

MacDonald, Donald Laurie, B.A., M.A., and Ph.D. (Toronto). Canadian. 223, Forestry Building, 
Department of Biochemistry, University of California, Berkeley, 4, California. Research Assistant, 
University of California. Signed by : H. Duewell, I. R. C. Bick, Jan Michalski. 

McPherson, Norman Spencer, D.F.C., B.Sc. (St. Andrews), A.R.I.C. British. Research Department, 
Bexford Ltd., Brantham Works, Nr. Manningtree. Research Chemist. Signed by : G. Swann, 
E. A. Couzens, P. E. Milsom. 

*Marmion, Diana, B.Sc. (W. Australia). British. c/o Australia House, Strand, W.C.2, Research 
Chemist. Signed by : W. Bottomley, G. A. Elliott, D. E. White. 
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*Matterson, Alan Horace Samuel. British. ‘‘ Seaford,” Station Road, Ibstock, Leicester. Student, 
Jesus College, Oxford. Signed by : W. A. Waters, L. A. Woodward, G. T. Young. 

Meduski, Jerzy W. Polish. Department of Biochemistry, The University, Glasgow, W.2. Research 
Biochemist. Signed by: J. C. Speakman, R. Schoental, Thomas H. Goodwin. 

Miller, John, B.Sc. (Lond.). British. 36, The Ropewalk, Nottingham. Research Chemist, British 
Chemicals and Biologicals Ltd., Loughborough. Signed by : F. F. Stephens, N. A. Hurt, E. Vero. 

*Penney, Edsel Raymond. British. 17, Downs View, Isleworth. Student, Chelsea Polytechnic. Signed 
by: J. F. J. Dippy, H. K. Dean, J. McGhie. 

Slade, George Hermon, B.Sc. (Sydney). British. 5, Oyama Avenue, Manly, N.S.W. Managing 
Director, W. Hermon Slade & Co., Pty., Ltd. Signed by : Norman Haworth, R. J. W. Le Févre, 
Thomas Iredale. 

*Stanley, Donald Harry. British. 7, Carlton Close, Edgware. Student, Chelsea Polytechnic. Signed 
by : J. F. J. Dippy, S. R. C. Hughes, J. McGhie. 

Stratmann, Carl James, M.Sc. (Melbourne). Australian. 27, Mayfield Terrace, Edinburgh, 9. Re- 
search Scholar, Australian National University. Signed by: E. G. V. Percival, Neil Campbell, 
G. O. Aspinall. 

Tishler, Max, B.S. (Tufts College), M.S. and Ph.D. (Harvard). American. 674, Shackamaxon Drive, 
Westfield, N.J. Director of Research Development, Merck & Co., Inc., Rahway, N.J. Signed 
by : C. M. Addinall, Hugh S. Taylor, Earl M. Chamberlin. 

Williams, James, M.Sc. (Manc.). British. School House, Cossington, Leicester. Lecturer, Lough- 
borough College. Signed by : G. Oldham, J. M. Connolly, K. A. R. Julian. 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 


Barman, Jitendra Nath, B.A. and M.Sc. (Calcutta), A.R.I.C. Indian. Hirapur Works Laboratory, 
Indian Iron & Steel Co., Ltd., P.O. Burnpur, Dt. Burdwan, West Bengal. Assistant Chief 
Chemist. Signed by: S. S. Bhatnagar. 

Beeghly, Hugh Ford, B.S. (West Virginia University). American. Division of Metallurgical Research, 
Jones & Laughlin Steel Corporation, 40, Longworth Street, Pittsburgh 7, Pennsylvania. Research 
Engineer. Signed by: W. A. Hamor. 

*Busch, Hirsh Meyer. American. Box 262, University Station, Urbana, Illinois, U.S.A. Student, 
University of Illinois. Signed by : T. R. Govindachari. 

Foss, Olav, Dr.Techn. (N.T.H., Trondheim). Norwegian. Universitetets Kjemiske Institutt, Blindern, 
Oslo. Instructor in Chemistry, Oslo University. Signed by : Endre Berner. 

Hach, Vladimir. Czech. Pospisilova 5, Prague XI. Chemist, United National Pharmaceutical Works. 
Signed by : George Fragner. 

Meyer, Kuno Alfred Calonder, Ph.D. (Basel). Swiss. Schweizergasse 36, Basle. Lecturer in Pharma- 
ceutical Chemistry, University of Basel. Signed by : C. W. Shoppee. 

Seguin, Fernand, M.Sc. (Montreal). Canadian. Clinical Laboratory, Hépital Saint Jean-de-Dieu, 
Gamelin, P.Q. Biochemist and Professor of Chemistry. Signed by : D.C. Lloyd, L. Lortie. 

Torto, Frank Gibbs Tetteh Obaka, B.Sc. and Ph.D. (Lond.), A.R.I.C. British. Department of Chem- 
istry, University College of the Gold Coast, P.O. Box 4, Achimota, Gold Coast. Lecturer. Signed 
by : J. Graham. 

Winstein, Saul, M.A. (University of California), Ph.D. (California Institute of Technology). American. 
Department of Chemistry, University of California, Los Angeles, 24, California. Professor of 
Chemistry. Signed by : C. K. Ingold. 


* Reduced annual subscription. 





PAPERS RECEIVED 
List of papers received between May 19th, and June 13th, 1949. 


“ Quinaldine and 4-hydroxyquinaldine derivatives from m-chloroaniline and m-toluidine.” 
By A. M. Spivey and (the late) F. H. S. Curp. 

“ The resolution of n-heptan-2-ol.” By J. Kenyon and A. M. WatcH. 

“ The disproportionation of dihydroisoquinolines.” By C. I. BRoprick and W. F. SHort. 

“The preparation of some esters of 3 : 3-dimethylbutanol and 3 : 3-dimethylpentanol.” 
By A. J. Brrcu. 

“ Reduction by dissolving metals. Part VI.” By A. J. Bircu and S. M. MUKHER]JI. 

“The Sommelet reaction. Part I. The course of the reaction.” By S. J. ANGYAL and 
R. C. RaAssack. 

“The Sommelet reaction. Part II. The ortho-effect.” By S. J. Angyal, (Miss) P. J. 
Morris, R. C. RAssAckK, and (Miss) J. A. WATERER. 
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“Some observations concerning steric hindrance and the effect of substituents on the 
ortho : para ratio in aromatic substitution.”” By P. B. D. DE LA MARE. 

“The quantitative analysis of mixtures of 1:3:4:6-tetramethyl, 1:3: 4-trimethyl, 
and 3:4-dimethyl fructose by partition chromatography.” By D. J. Bett and 
ANNE PALMER. 

“Molecular polarisation and molecular interaction. Part II. The apparent dipole 
moments of #-chloroaniline, 2:4:6-tribromoaniline, 2: 4 : 6-tribromodimethyl- 
aniline, m-butylamine, and ¢ert.-butylamine in benzene and 1 : 4-dioxan solutions. 
The mesomeric effect in substituted anilines.” By A. V. Few and J. W. Smit. 

“ The thermal degradation of ethylene polymers.”” By W. G. Oakes and R. B. RICHARDs. 

“Some mono- and di-guanidine compounds.” By J. MILLER. 

“Steroids and related compounds. Part VI. The stereochemical configuration and 
dehydration of the isomeric androstane-3 : 5: 6-triolones.”” By M. Davis and 
V. PETROW. 

“New syntheses of heterocyclic compounds. Part XII. 2-Azaphenazines.” By V. 
PETROW, J. SAPER, and B. STURGEON. 

“The formation of complex ions in uranyl sulphate solutions.” By T. V. ARDEN. 

“The oxidation of manganous sulphate by chromic acid in sulphuric acid solutions.” 
By M. BosTEtsky and A. GLASNER. 

“The application of the method of molecular-rotation differences to steroids. Part XI. 
Some bile acid derivatives.” By D. H. R. Barton and C. J. W. Brooks. 

“ The application of the method of molecular rotation differences to steroids. Part XII. 
Wolff-Kishner reduction of the adrenocortical side chain.”” By D. H. R. Barton, 
N. J. Hotness, and W. KLyne. 

“ The application of the method of molecular rotation differences to steroids. Part XIII. 
Cholest-6-en-3(8)-ol.”” By D. H. R. Barton and W. J. ROSENFELDER. 

“The mechanism of formation of dialkylchloroamines from hypochlorous acid.” By 
C. R. EpMonp and F. G. Soper. 

“ Deoxy-sugars. Part VIII. The constitution of «8-methyl-2-deoxy-p-glucofuranoside.”’ 
By I. W. Hucues, W. G. OVEREND, and M. STACEY. 

“‘Methanesulphonyl derivatives of D-galactose.” By A. B. Foster, W. G. OVEREND, 
M. Stacey, and L. F. WiccIns. 

“The conversion of sucrose into pyridazine derivatives. Part VIII. Some basic deriv- 
atives of 2-phenyl-6-methylpyridaz-3-one.”” By Hi_pa Grecory and L. F. WIGGINs. 

“Electrical dipole-moment studies on the conjugation and stereochemistry of some un- 
saturated ketones and aldehydes. PartsIandII.” By J.B. BENTLEY, K. B. EVERARD, 
R. J. B. MARSDEN, and L. E. Sutton. 

“ The reaction between thio-compounds and keto-steroids.” By A. S. Jones, M. WEBB, 
and W. SMITH. 

“Experiments on the interaction of hydroxy-compounds and phosphorus and thionyl 
halides in the absence and in the presence of tertiary bases. Part VII.”” By K.H.V. 
FRENCH and W. GERRARD. 

“ Synthetic antimalarials, Part XLIV. The preparation of diguanides by the reaction 
of substituted amino- (including guanidino-)magnesium halides with the ‘N-C:N 
group.” By S. BirTWELL, (the late) F. H. S. Curp, and F. L. Rose. 

“ Synthetic antimalarials. Part XLV. Reactions between monosubstituted dicyanodi- 
amides and Grignard reagents leading to N-p-chlorophenylguanylacylamidines.”’ 
By S. BIRTWELL. 

“The separation and purification of lanthanum. Part I. Hydroxide precipitation.’’ 
By R. C. VICKERY. 

“The separation and purification of lanthanum. Part II. Nitrate fusion: solubility 
of rare earth hydroxides in fused ammonium nitrate.” By R. C. VICKERY. 

“ Conjugation across a single bond.” By C. A. CouLson and (Miss) J. JAcoss. 

“The dissociation constants of 8-hydroxyquinoline.” By H. Irvine, J. A. D. Ewart, 
and J. T. Wizson. 
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“ Reactions of ethylene oxides. Part III. Syntheses of some heterocyclic compounds 
from glycidic esters and related compounds.” By C. C. J. CULVENoR, W. Davies, 
J. A. MACLAREN, P. F. NELSON, and W. E. SAVIGE. 

“Catalysis of Diels-Alder diene associations. Part V. Proton- and electron-transfer 
processes.” By W. Ruin, H. STEINER, and A. WASSERMANN. 

“Experiments with diazomethane and its derivatives. Part XV. Action of diazo- 
methane on ortho-quinonemono-oximes.” By A. SCHONBERG and W. I. Awan. 

“ The thermal decomposition of acetic acid.”” By C. H. BAMForp and M. J. S. Dewar. 

“The migration of acyl groups in o-aminophenols. Part III.” By G. DE W. ANDERSON 
and F. BELL. 

“The preparation of benziminazoles and benzoxazoles from Schiff’s bases.”” By F. F. 
STEPHENS and J. D. Bower. 

“An interpretation of some elimination reactions in disubstituted dihydro-derivatives 
of aromatic compounds.”” By G. M. BADGER. 

‘“‘ Experiments on the synthesis of purine nucleosides. Part XXVI. 9-D-Glucopyrano- 
sidoisoguanine.” By K. J. M. ANDREws, NiTA ANAND, A. R. Topp, and A. ToPHAM. 

“ Alkaloids of Daphnandra species. Part II. Daphnandrine, daphnoline, and aromoline.”’ 
By I. R. C. Bick, E. S. Ewen, and A. R. Topp. 

“The problem of radiation damage in fertilizer experiments using radioactive phos- 
phorus. (Contribution to discussion following contribution by Professor Spinks).” 
By R. Scotr RUSSELL. 

“ Bromine trifluoride as an ionizing solvent.” By A. A. WoorrF and H. J. EMELEvs. 

“ The electrical conductivity of chlorine trifluoride, bromine trifluoride, and iodine penta- 
fluoride.” By A. A. BAnks, H. J. EMELEus, and A. A. WOLFE. 

“The organic compounds of gold. Part XII. The constitution of co-ordination com- 
plexes of dialkylgold compounds with diamines containing the N-C-C-N grouping.” 
By M..-E. Foss and C. S. GiBson. 

“The Euphorbia resins. Part II. The isolation of taraxasterol and a new triterpene, 
tirucallol, from E. tirucalli.” By D. W. Haines and F. L. WARREN. 

“‘ The synthesis of aliphatic acids by the interaction of olefins with carbon monoxide and 
steam, and related reactions.” By D. M. Newitt and S. A. MoMEN. 

“The thermal decomposition of m-pentane.” By R. G. Partincton, F. J. StuBss, and 
Sir CyrIL HINSHELWOOD. 

“The nuclear acylation of aromatic amines in the presence of acid catalysts. Part I. 
The rearrangement of N-monoacyl-anilines.” By J. F. J. Dippy and J. H. Woop. 

“The condensed phosphoric acids and their salts. Part IV. Dissociation constants of 
some trimetaphosphates.”” By H. W. Jonss, C. B. Monk, and C. W. Davies. 

“The symmetrical dianthryls. Part III.” By F. Bett and D. H. Warinc. 

“ Back scattering of electrons into Geiger—Mueller counters.” By L. YAFFE and K. M. 
Justus. 

“ Alpha-decay systematics. A review of recent work by I. Perlman, A. Ghiorso, and 
G. T. Seaborg.”” By G. WILKINSON. 

“‘ The oxides of uranium.” By K. B. ALBERMAN and J. S. ANDERSON. 

“The use of radioactive isotopes in the study of the diffusion of ions in solution.” By 
J. S. ANDERSON and K. SADDINGTON. 

“The extraction of carrier-free 111 from pile-irradiated tellurium.” By A. W. KENNY 
and W. T. SpRraGc. 

“ The lower valency states of thorium.”’ By J. S. ANDERSON and R. W. M. D’EYE. 

“The microsynthesis of some C-labelled organic compounds.” By W. J. ARRoL and 
R. GLASCOCK. 

“On the catalytic properties of element 84 (polonium 210).” By P. Bonet-Maury and 
M. LEForT. 

“The emanation method.” By O. Haun. 
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ADDITIONS TO THE LIBRARY 


I. Donations 


AUSTRALIA, COMMONWEALTH OF. Council 
for Scientific and Industrial Research and 
National Research Council, Australian Jour- 
nal of Scientific Research. Series A. Physical 
Sciences. Series B. Biological Sciences. Vol. 
1, etc. Melbourne 1948+. (Reference.) 
From the Bureau of Abstracts and the Aus- 
tralian Council for Scientific and Industrial 
Research. 

Crark, G. & Son, Ltp. Conversion tables 
and duty tables. London 1948. pp. [ii] + 
19; 7. (Reference.) From the Directors. 

Foop AND CONTAINER INSTITUTE. Flavor 
and acceptability of monosodium glutamate ; 
a symposium. Chicago 1948. pp. [ii] + 92. 
ill. (Reference.) From the Director. 

LizBIG, J. VON. Familiar letters on chem- 
istry in its relation to physiology, dietetics, 
agriculture, commerce, and political economy. 
4th edition. Edited by J. Brytu. London 
1859. pp. xvi + 536. (Recd. 30/5/49.) 
From the Research Association of British 
Rubber Manufacturers. 

Puysicat Society. Handbook of scientific 
instruments and apparatus 1949, as shown at 
the 33rd Physical Society Exhibition. Lon- 
don 1949. pp. 272. ill. (Reference.) 

From the Society. 

SocIETY OF CHEMICAL INDUSTRY. Dust in 
industry. Papers read at the conference at 
Leeds, 28th—30th September, 1948, with the 
discussions which followed. London 1949. 
pp. 175. ill. (Reference.) 


From the Society. 


UNDERWRITERS’ LABORATORIES, INC. 
letin of Research, No. 2, etc. 
(Reference.) 


Bul- 
Chicago 1938+. 
From the Director. 


II. By Purchase 


ADVANCES IN ELEcTRONIcS. Edited by 
L. Marton. Vol. I, etc. New York 1948+. 
(Reference.) Academic Pr. $8.00. (Recd. 
2/6/49.) 

BakER, T. T. Photographic emulsion tech- 
nique. 2nd _ edition. Boston 1948. pp. 
xiv + 341. ill. Amer. Photog. Pub. Co. 
$7.50. (Recd. 2/6/49.) 

Bates, G. H. Weed control. 
1948. pp. viii + 236. ill. 
(Recd. 2/6/49.) 

Brown, H. P., Pansuin, A. J., and For- 
SAITH, C. C. Textbook of wood technology. 
Vol. I. Structure, identification, defects and 
uses of the commercial woods of the United 
States. New York 1949. pp. xxviii + 652. 
ill. McGraw. $6.00. (Recd. 2/6/49.) 


London 
Spon. 16s. 


Burk, R. E., and Grummitt, O. [Editors.] 

High molecular weight compounds. (Fron- 
tiers in Chemistry. Vol. VI.) New York 
1949. pp. [x] + 330. ill. Interscience. 
$5.50. (Recd. 30/5/49.) 
—— Recent advances in analytical chem- 
istry. (Frontiersin Science. Vol. VII.) New 
York 1949. pp. [xii] + 209. ill. Inter- 
science. $4.50. (Recd. 30/5/49.) 

De MEnt, J., and Dake, H.C. Handbook 
of uranium minerals: an exposition and 
catalog of the uranium and thorium minerals 
including their occurrence, location and ex- 
ploration. 2nd edition. Portland, Oregon 
1948. pp. 96. ill. Mineralogist Pub. Co. 
$2.00. (Reference.) 

Dorsey, N. E. The freezing of supercooled 
water. Philadelphia 1948. pp. [82]. ill. 
$1.75. (Reference.) 

DusHMaAN, S. Scientific foundations of 
vacuum technique. New York 1949. pp. 
xii + 882. ill. Wiley. $15.00. (Recd. 30/5/49.) 

FLORKIN, M. Biochemical evolution. 
Edited, translated, and augmented by S. 
Morcutis. New York 1949. pp. viii + 157. 
ill. Academic Pr. $4.00. (Recd. 2/6/49.) 

FRIEND, J. N. A textbook of physical 
chemistry. 2nd edition abridged and re- 
vised. London 1948. pp. xvi + 566. ill. 
Griffin. 42s. (Recd. 2/6/49.) 

Guick, D. Techniques of histo- and cyto- 
chemistry; a manual of morphological and 
quantitative micromethods for inorganic, or- 
ganic, and enzyme constituents in biological 
materials. New York 1949. pp. xxiv + 531. 
ill. Interscience. $8.00. (Recd. 30/5/49.) 

GOETZEL, C.G. Treatise on powder metal- 
lurgy. Vol. I. Technology of metal powders 
and their products. New York 1949. pp. 
xxviii+ 778. ill. Interscience. $15.00. 
(Recd. 2/6/49.) 

HERSTEIN, K. M., and Jacoss, M. B. 
Chemistry and technology of wines and 
liquors. 2nd edition. New York 1948. pp. 
xii+ 436. ill, Van Nostrand. $6.50. 
(Recd. 8/6/49.) 

Hovuwink, R. [Editor.] Elastomers and 
plastomers. Vol. III. Testing and analysis; 
tabulation of properties, contributed by 
B. B. S. T. Boonstra [and others]. Amster- 
dam 1948. pp. 174. ill. Elsevier. $4.50. 
(Recd. 2/6/49.) 

KELLEY, W. P. Cation exchange in soils. 
(American Chemical Society, Monograph 
Series.) New York 1948. pp. xvi+ 144. 
ill. Reinhold. $4.50. (Recd. 30/5/49.) 

Li Cn’1ao-P’Inc. The chemical arts of 
old China. Easton 1948. pp. xii + 215. 
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ill. Journ. Chem. Educ. 
2/6/49.) 

MERRINGTON, A. C. Viscometry. London 
1949. pp. viii+ 142. ill, Arnold. 16s. 
(Recd. 2/6/49.) 

PARMELEE,C.W. Ceramicglazes. Chicago 
1948, pp. x + 321. ill, Industrial Pubs. 
Inc. $7.50. (Recd. 2/6/49.) 

PITTSBURGH INTERNATIONAL CONFERENCE 
on surface reactions. Pittsburgh 1948. pp. 
viii + 236. ill. (Reference.) Corrosion Pub. 
Co. $10.00. 

Post, H. W. Silicones and other organic 
silicon compounds. New York 1949. pp. 
vi + 230. Reinhold. $5.00. (Recd. 30/5/49.) 

Rice, F. O., and TELLER, E. The structure 
of matter. New York 1949. pp. xiv + 361. 
ill. Wiley. $5.00. (Recd. 30/5/49.) 

SaHyun, M. [Editor.] Outline of the 
amino acids and proteins. 2ndedition. New 
York 1948. pp. 286. ill, Reinhold. $5.00. 
(Recd. 2/6/49.) 

Srmonps, H. R., WeirTs, A. J., and BIGELow, 
M. H. Handbook of plastics. 2nd edition. 
New York 1949. pp. xxiv+ 1511. ill. Van 
Nostrand. $25.00. (Recd. 2/6/49.) 

STEPHENSON, M._ Bacterial metabolism. 
3rd edition. London 1949. pp. xiv + 398. 
ill. Longmans. 30s. (Recd. 2/6/49.) 


$5.50. (Recd. 


Tauser, H. The chemistry and technology 
of enzymes. New York 1949. pp. x + 550. 
ill. Wiley. $7.60. (Recd. 30/5/49.) 

WELCHER, F. J. Organic analytical re- 
agents. Vols. I, III, and IV. New York 
1947—48. pp. xvi + 442; xiv + 593; xiv+ 
624. (Reference.) Van Nostrand. $21.00. 

ZIMMERMAN, O. T., and Lavinz, I. Scien- 
tific and technical abbreviations, signs, and 
symbols. Dover, New Hampshire 1948. pp. 
xii + 476. ill. (Reference.) Indust. Research 
Service. $7.50. 


III. Pamphlets 


CLaRE, K. E. Some chemical tests for soil 
engineering purposes. (From Roads & Road 
Construction, 1949.) pp. 11. 

ROYAL INSTITUTE OF CHEMISTRY OF GREAT 
BRITAIN AND IRELAND. Lectures, Monographs 
and Reports 1949, No. 1, Through chemistry 
adornment. By C. J. T. CronsHaw. 5th 
Dalton Lecture. London 1949. pp. 19. 

SoL_vay TECHNICAL AND ENGINEERING SER- 
vicE. Bulletin No. 11. Water analysis; 
methods of analyzing water for municipal 
and industrial use. 3rd edition. New York 
1947. pp. 98. 
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SCIENTIFIC MEETINGS DURING OCTOBER, 1949 


LONDON. 
Thursday, October 20th, 1949, at 7.15 p.m. 
Tilden Lecture, Acetylene and Acetylenic Compounds in Organic Synthesis, by 
Professor E. R. H. Jones, D.Sc., F.R.L.C. 


To be held in the Main Chemistry Lecture Theatre of Imperial College of Science and Tech- 
nology, South Kensington, London, S.W.7. 





BIRMINGHAM 
Friday, October 21st, 1949, at 4.30 p.m. 
Lecture, The Oxidation of Aldehydes in Solution, by Professor C. E. H. Bawn, 


Ph.D. 


oint meeting with the University of Birmingham Chemical Society to be held in the Main 
hemistry Lecture Theatre of the University, Birmingham. 





EXETER. 
Friday, October 14th, 1949, at 5 p.m. 


Lecture, Diffraction of Neutrons by Crystals, by Dr. Kathleen Lonsdale, F.R.S. 


Joint meeting with University College of Exeter Scientific Society to be held in the Wash- 
ington Singer Laboratories, Prince of Wales Road, Exeter. 





HULL. 
Thursday, October 20th, 1949, at 6 p.m. 
Lecture, The Mechanism of Drug Action, by Professor A. R. Todd, M.A., D.Sc., 
F.R.S. 


Joint meeting with the University College of Hull Scientific Society to be held in the Science 
Lecture Theatre of University College, Hull. 





LIVERPOOL. 
Thursday, October 27th, 1949, at 4.30 p.m. 


Lecture, Editing for the Chemical Society, by Dr. R. S. Cahn, M.A., F.R.1.C. 
To be held in the Chemistry Lecture Theatre of the University, Liverpool. 





MANCHESTER. 
Thursday, October 20th, 1949, at 6.30 p.m. 





Meeting for the reading of original papers. 
To be held in the Chemistry Department of the University, Manchester. 


NOTTINGHAM. 
Thursday, October 20th, 1949, at 6.30 p.m. 


Lecture, The Scattering of Light by Solutions, by Dr. E. J. Bowen, M.A., F.R.S. 


oint meeting with the University Chemical Society to be held in the Lecture Theatre, 
yepartment of Chemistry of the University, Nottingham. 








OXFORD. 
Monday, October 17th, 1949, at 8.15 p.m. 


Alembic Club Lecture, Compounds of the Inert Gases, by Mr. H. M. Powell, M.A., 
B.Sc. 


To be held in the Physical Chemistry Laboratory, Oxford. All Fellows are invited. 


Monday, October 31st, 1949, at 8.15 p.m. 


Alembic Club Lecture, Microwave Spectroscopy, by Professor E. Bright Wilson, Jr. 
To be held in the Physical Chemistry Laboratory, Oxford. All Fellows are invited. 








ST. ANDREWS AND DUNDEE. 
Thursday, October 27th, 1949, at 5 p.m. 


Lecture, The Chemistry of Metallic Oxides, by Dr. J. S. Anderson, M.Sc., A.R.C.S. 
To be held in the Chemistry Department of University College, Dundee. 








PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY 





OFFICIAL ANNOUNCEMENTS 
DEATHS. 


The Council regret to announce the deaths of the following Fellows : 


Elected. Died. 


Percy Bean (Stockport) June 15th, 1899. June 14th, 1949. 
Lionel Mould Gurney Cuthbertson ( 


thing) Dec. 5th, 1895. Apr. 5th, 1949. 
William Robertson (S.W.11) May 2nd, 1901. Apr. 21st, 1949. 
Edward Sharratt (Waltham Cross) Feb. 15th, 1934. May 24th, 1949, 


CONGRATULATIONS—BIRTHDAY HONOURS LIST. 


The President has conveyed the congratulations of the Society to the following Fellows 
whose names appeared in the Birthday Honours List : 


0.M. 
Sir Robert Robinson. 


C.B.E. 
John Ralph Nicholls. 


RESEARCH FUND. 


A meeting of the Research Fund Committee will be held in November next. All 
persons who have received grants, and whose accounts have not been declared closed by 
the Council, are informed that reports must be received by the Society not later than 
November Ist, 1949. 

Applications for grants, to be made on forms obtainable from the General Secretary, 
must be received on or before November Ist, 1949. Applications from Fellows will 
receive prior consideration. 

Attention is drawn to the fact that the income arising from the donation of the Wor- 
shipful Company of Goldsmiths is principally devoted to the encouragement of research 
in inorganic and metallurgical chemistry, and that the income from the Perkin Memorial 
Fund is to be applied to investigations relating to problems connected with the coal-tar 
and allied industries. 


ELECTION OF NEW FELLOWS. 
The following 38 candidates were elected Fellows of the Society on July 11th, 1949: 


George Bagrie Angus. Ronald Arthur Faires. 

Alastair William Armstrong. Alexander George Alfred Mitchel Gaston. 
William Barnes. H Gregson. 

Frederick Leslie Booth. El Ahmadi Ibrahim Haiba. 
Kenneth William George Butcher. George Arthur Frederick Harrison. 
George Novello Copley. ack Hensman. 

Peter Ronald Eric John Cowley. ohn Richard Heron. 

Jack Craven Dacre. aki el Heweihi. 

Alfred Davidsohn. Donald Kearey Howard. 

Eric Douglas Miller Dean. Harold Lawson Howling. 

Philip ter. Benjamin Crowther James. 

Peter George Edgerley. Anwar Abdul Mesieh Kieso. 

* 





Menasche Litmanowitsch. — Lodovick Thomson Waugh. 
Richard Long. onald Alfred Wells. 

George Mackay. Andrew Cook Wilson. 

Kurt Martin Mislow. Robert Martin Witucki. 

Thomas Moodie. ames Donald Craven Worsnop. 
William Mozle sore | Jr. ohn Randall Wright. 

Gwyneth Martha Wain ohib Zaki. 





MEETINGS OUTSIDE LONDON 
EIRE. 


“ A Chapter in Inorganic Stereochemistry,” by Professor W. Wardlaw, C.B.E., D.Sc., 
F.R.I.C. 


A joint meeting with the Werner Society was held in the Chemistry Department of 
Trinity College, Dublin, on May 27th, 1949, with Dr. K. C. Bailey in the Chair. 

Professor Wardlaw pointed out that as early as 1845 it was known that two isomeric 
diammines Pt(NH;),Cl, existed, and they were represented by various formule from time 
to time. In 1892 Alfred Werner made the revolutionary suggestion that here was a 
coplanar configuration with the platinum atom at the centre of a square and that the 
substances were geometrical isomerides. Dickinson in 1922 verified the square con- 
figuration for (Pt(NH,),)Cl, and in 1931 Pauling stimulated great interest in this field 
of investigation by his theory that when the bond distribution is of the type sp*d such 
complexes are expected to have a square coplanar configuration. When this argument 
was first presented the configuration had been suggested for the complexes of platinum 
and of palladium, but it had not been recognised for complexes of nickel. The lecturer 
discussed the large amount of scientific evidence in support of Pauling’s views, and he 
discussed some of the problems which remain to be settled in this fascinating field of 
stereochemistry. 


An interesting discussion followed, and the chairman conveyed the thanks of the 
meeting to the lecturer. 





LIST OF APPLICATIONS FOR MEMBERSHIP 


(Fellows wishing to lodge objections to the election of these candidates should communicate with the 
Honorary Secretaries within ten days of the date of publication of the Journal for July, 1949. Such objec- 
tions will be treated as confidential. Tthe forms of application are available in the Library.) 


Guy William Roberts, M.A., B.Sc. and D.Phil. (Oxon.), A.R.I.C. British. 156, Cumber- 
land Street, Macclesfield. Lecturer in Physical Chemistry, Manchester College of Technology. 
Signed by: A. F. H. Ward, T. K. Walker, S. M. Neale, O. Rhys Howell. 

Bean, Charles Percy, Ph.D. (Leeds), M.Sc.Tech. (Manc.), A.R.I.C., A.M.C.T. British. ‘‘ Northfield,” 
189, Moor Lane, Woodford, near Stockport. Chief Chemist, East Lancashire Paper Mill Co., Ltd., 
Radcliffe. Signed by: J. C. Withers, P. W. Cunliffe, G. J. W. Ferrey. 

Calder, Juliann Mackinnon, B.Sc. and Ed.B. (Glas.). British. College of Domestic Science, 1, Park 
Drive. Glasgow, C.3. Teacher of Chemistry. Signed by : Mary Andross, C. Buchanan, James D. 
Loudon. 

*Chapman, Marguerite Vera Aveling, B.A. (Cantab.). British. 16, Battersbay Grove, Hazel Grove. 
Development Chemist, British Schering Manufacturing Laboratories, Ltd. Signed by: W. H. 
Hook, W. L. Norris, J. S. H. Davies. 

*Godfrey, David James. British. 87, St. Peter’s Road, Balby, Doncaster. Student, Sheffield Univer- 
sity. Signed by: P. L. Pauson, E. Rothwell, A. S. C. Lawrence. 

*Grasham, Raymond, B.Sc. (Lond.), A.R.I.C. British. 6, Damwood Road, Speke, Liverpool, 19. 
Signed by : H. I. Henstock, Ralph R. A. Pride, David Mess, Richard R. Appleby. 

Hall, James Philip, (Captain), M.P.S. British. Gillside House, North Cliff, Roker, Sunderland. 
Student, Sunderland Technical College. Signed by : J. H. Wilkinson, Joseph Gibson, N. Ferry. 

Maramba, Felix K. B.S.A. (Philippines), M.Sc. (Santo Tomas). Filipino. c/o Philippine Consulate, 
11, Onslow Avenue, Elizabeth Bay, Sydney, N.S.W. Unesco Research Worker. Signed by : 
R. J. W. Le Févre, T. Iredale, I. G. Ross. 

Martin, George Herbert, B.Sc. (Lond.). British. 52, Heys Road, Prestwich, Manchester. Chemist, 
Connollys (Blackley) Ltd., Manchester. Signed by: W. E. Wright, D. K. Roberts, H. J. S. King. 
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*Nash, Frederick Gordon, B.Sc. (Lond.). British. c/o 2, Cherry Tree Avenue, Garden Village, Kingston- 
upon-Hull. Schoolmaster. Signed by : John C. Roberts, M. H. Everdell, C. C. Addison. 

*Pearson, Geoffrey Pullan. British. 43, Main Street, Burley-in-Wharfedale, near Leeds. Student, 
Bradford Technical College. Signed by: K. L. Butcher, R. E. Dean, H. H. Hodgson. 

*Pindred, Harry Keith. British. 16, Shotton Street, Doncaster. Student. Signed by: Alex H. 
Lamberton, T. S. Stevens, W. R. Bamford. 

*Potter, William Geoffrey. British. Baltic Cottage, Suffolk Road, Dartford. Student. Signed by : 
J. Kenyon, J. W. Smith, C. L. Arcus. 

Poynton, Noel Howard, B.Sc. (Bristol), Ph.D. (Birm.). British. 7, Roman Way, Stoke Bishop, Bristol. 
Chief Research Chemist. Signed by : H. M. MacTurk, K. E. Fowler, Arthur Marsden. 

Rance, Herbert Frederick, B.Sc. and Ph.D. (Lond.), A.R.C.S., A.R.I.C., D.I.C. British. Wiggins 
Teape Research H.Q., Stoneywood Works, Bucksburn. Manager of Research and Development. 
Signed by: E. A. Bradford, Stephen R. H. Edge, R. M. Barrer. 

Rao, Hosagrahar Gopal. Indian. Fertilizer projects, Ministry of Industry and Supply, Govt. of India, 
Sindri P.O., Bihar, India. Chemical Engineer. Signed by: H. Wilson, John Bremner, G. M. 
Harrison. 

*Reynolds, Geoffrey Ernest John. British. 54, Mellows Road, Wallington. Student, Imperial College. 
Signed by: E. A. Braude, A. H. Cook, B. C. L. Weedon. 

*Roe, Ingrid Geraldine, B.Sc. (Lond.). British. 73, Upney Lane, Barking. Research Student, Queen 
Mary College. Signed by : C. M. French, Norman Lindop, R. H. Ottewill. 

*Roberts, Glyn, B.Sc. (Wales), A.R.I.C. British. Chemistry Department, University College, Swansea, 
Research Student. Signed by : C. W. Shoppee, R. H. Davies, E. E. Ayling, L. E. Hinkel. 

Robinson, Kenneth Lansdale, B.Sc. and B.Agr. (Q.U.B.), A.R.I.C. British. Dept. of Agricultural 
Chemistry, Queen’s University, Belfast. Principal Scientific Officer, Ministry of Agriculture, 
Northern Ireland, and Lecturer in Agricultural Chemistry, Q.U.B. Signed by: H. Graham, 
R. G. R. Bacon, R. C. Pink. 

Riley, Cyril James, B.Sc. (Lond.), A.R.I.C. British. 26, Snowdon, Highways Hostel, Euxton, Chorley. 
Analytical Chemist. Signed by : J. R. Sanderson, J. Golden, D. S. Hoare, Ronald E. Stanton. 

Sargeant, Harold Lawrence. British. 53, Broadlands Road, Hampton Park, Southampton. Assis- 
tant Chemist, Hampshire County Roads Laboratory. Signed by: K. R. Webb, E. Cartmell, 
A. R. Burton. 

*Shoukry, Ahmed el Sawi, B.Sc. (Farouk I University). Egyptian. 5, Maresfield Gardens, London, 
N.W.3. Research Student. Signed by: F. Said, W. H. Linnell, A. H. Fathallah. 

*Schaverien, Derek Bernard. British. ‘‘ Selnoc,’’ Copse Hill, Withdean, Brighton. Student, Brighton 
Technical College. Signed by : G. A. Lawson, M. H. Pratt, T. J. Morrison. 

Snedden, William Whitelaw, M.A., B.Sc. and Ph.D. (Glas.), F.R.S.M. British. 10, Braemar Road, 
Worcester Park. Scientific bibliographer. Signed by : William McCartney, Francis C. Kelly, 
W. Godden. 

Stephens, Roderick Louis, B.Sc. and B.Pharm. (Lond.), F.R.I.C., Ph.C. British. 19, Buckingham 
Road, Brighton. Chief Chemist. Signed by : D. W. Kent Jones, F. A. Greene, W. H. Langwell. 

*Stitch, Stanley Roy. British. 121, Longmead Avenue, Bishopston, Bristol, 7. Student, Bristol 
University. -Signed by : T. Malkin, F. H. Pollard, J. K. N. Jones. 

*Thorp, Josephine Margaret. British. 12, Westwick Gardens, Hounslow West. Student, Royal 
Holloway College, London. Signed by : A. Graham Foster, J. W. E. Brading, Gwyn Williams. 

*Tucker, Austin Ormonde. British. Bolham, Tiverton. University Student. Signed by: S. J. 
Gregg, R. King, Kenneth J. Hill. 

*Tucker, Guy Savile. British. ‘‘ Brookside,”” Batson, Nr. Salcombe. Student. Signed by: J. J. Fry, 
R. King. E. G. J. Willing. ' 

Twitchett, Harry James, B.Sc. and Ph.D. (Leeds). British. 177, Western Road, Mickleover, Derby. 
Research Chemist. Signed by : H. Swann, E. Chapman, S. Coffey. 

Wilson, Hugh Arthur Baird, B.Sc. (Lond.), A.R.I.C. British. Stoneywood House, Bucksburn. Re- 
search Chemist, Wiggins Teape Group Research Organisation, Bucksburn. Signed by: E. A. 
Bradford, J. M..C. Thompson, R. B. Strathdee. 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 


Bose, Aswini Kumar, M.B. Indian. 22, Satkari Mitra Lane, Calcutta-11, India. Director, Abcos 
Pharmaceutical Works (India) Ltd. Signed by : J. C. Ghose. 

Chau, Yu Ping, B.A. (Hong Kong). Chinese. Chemistry Dept., The University, Hong Kong. Demon- 
strator in Chemistry. Signed by: J. E. Driver, E. Collins. 

Chung, Mrs. Ada Leung, B.A. (Hong Kong). British. Chemistry Dept., The University, Hong Kong. 
Demonstrator, Hong Kong University. Signed by: J. E. Driver, E. Collins. 

Collins, Mrs. Dorothy Ada, M.Sc. (L’pool). British. 8, University Path, Victoria, Hong Kong. Uni- 
versity Lecturer. Signed by: J. E. Driver, E. Collins. 

Hui, Miss Wai Haan, B.A. (Hong Kong). Chinese. Chemistry Dept., The University, Hong Kong. 
Demonstrator, Hong Kong University. Signed by: J. E. Driver, E. Collins. 

*Jagadish, Thiruvadi Visvanath, B.Sc. (Madras). Indian. ‘‘ Malathi,” 42 A, Bazaar Road, Mylapore, 
Madras City, 4, S. India. Sugar Technologist. Signed by: R. L. Bhasin. 
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Neish, Arthur Charles, B.Sc.Agr., M.Sc. and Ph.D. (McGill). 1026, College Drive, Saskatoon, Saskat- 
chewan, Canada. Research Chemist, Prairie Regional Laboratory, National Research Council, 
Saskatoon. Signed by : Adrien Cambron, D. C. Lloyd. 

Whaley, Wilson Monroe, M.S. and Ph.D. (Maryland). American. Dept. of Chemistry, University of 
Tennessee, Knoxville 16, Tennessee. U.S.A. Postdoctoral Fellow. Signed by : Roger Adams. 


* Reduced annual subscription. 





PAPERS RECEIVED 
List of papers received between June 14th and July llth, 1949. 


“Nucleotides. Part IV. A novel synthesis of adenosine triphosphate.” By A. M. 
MICHELSON and A. R. Topp. 

“ The conditions for optimum growth rate of Bact. lactis aerogenes.” By D. STEPHENS 
and Sir CyrIL HINSHELWOOD. 

“‘ Synthetic studies in the penicillin field. Part V. The structure and reduction of some 
thiazolinyloxazolones.” By R. BENTLEY, A. H. Cook, and J. A. ELVIDGE. 

“ Synthetic studies in the penicillin field. Part VI. Attempts to synthesise true thiazol- 
inyloxazolones.” By A. H. Cook, J. A. ELvipce, A. R. GRAHAM, and G. Harris. 

“Synthetic studies in the penicillin field. Part VII. The preparation of thiazolinyl- 
amino-oxazole derivatives.” By A. H. Cook, G. Harris, and A. L. Levy. 

“‘ Synthetic studies in the penicillin field. Part VIII. Thiazolinylamino-oxazole deriv- 
atives.” By A. H. Cook and G. Harris. 

“ The behaviour of the copper electrode in dilute copper sulphate solutions.” By A. A. 
Mousa. 

“ Covalency, co-ordination, and chelation. Part III.” By W. J. Lire and R. C. MENziEs. 

“Interaction of halogens with (+)-dimethyl-n-hexylcarbinyl sulphite.” By A. H. J. 
Cross and W. GERRARD. 

“ Synthesis of 2-pyridyl-, 2-quinolyl-, and 1-¢soquinolyl-carbinols.” By B. R. Brown. 

“ Antitubercular substances. PartI. Halogenated w-aryloxyalkylamines and analogues.” 
By D. J. Drain, D. A. PEAK, and F. F. WHITMonT. 

“Antitubercular substances. Part II. Di-(g-N-arylamidinophenoxy)alkanes.” By 
M. W. PARTRIDGE. 

“ The Senecio alkaloids. Part V. The structure of senecic acid.” By MEYER KROPMAN 
and F. L. WARREN. 

“ Ketonic products of the oxidation of the cis- and tvans-forms of ricinoleic acid.” By 
G. W. ELLIs. 

“Thermal decomposition of explosives in the solid phase. Part II. The delayed explo- 
sion of mercury fulminate.’”’” By J. VAUGHAN and L. PHILLIPs. 

“Thermal decomposition of explosives in the solid phase. Part III. The kinetics of 
thermal decomposition of mercury fulminate in a vacuum.” By J. VAUGHAN and 
L. PHILLIPs. 

“ Reactions of nitrosyl chloride. Part II.” By J. R. PARTINGTON and A. L. WHYNEs. 

““ Some consequences of the additive property of the activated azomethine group.” By 
W. Davies, T. H. Ramsay, and E. R. STOVE. 

“ The yields by fast and slow neutrons in one Szilard—Chalmers reaction.” By ENGELBERT 
BRoDA. 

“ Pyrazine derivatives. Part XI. Synthesis of cyclic hydroxamic acids related to asper- 
gillic acid.” By G. Dunn, J. A. Etvipce, G. T. Newsotp, D. W. C. Ramsay, 
F. S. SPRING, and W. SwEEny. 

“ Dielectric polarisation and spectroscopic data for antipyrine, certain of its derivatives, 
and phenylisooxazolone.” By R. D. Brown, A. A. Hucxins, R. J. W. LE FEvre, 
(Miss) J. Nortucott, and I. R. Witson. 

“ Structure and colour in the indolo(3’ : 2’-3 : 4)quinolines and the 1 : 2-dihydroquinolino- 
(3’ : 2’-3 : 4)quinolines.” By F. G, MANN. 
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“ The carbides of uranium and thorium.” By H. A. WILHELM, P. CutorT1, A. I. Snow, 
and A. H. DEANE. 

“A tracer study of the chemistry of protoactinium.” By A. G. Mappock and G. L. 
MILEs. 

“ The separation of protoactinium.” By A. G. Mappock and G. L. MILEs. 

“ Steroids and related compounds. Part VII. Some derivatives of 5-methylnorandrost- 
8(9)-ene-3 : 6-diol-17-one.” By M. Davis and V. PETRow. 

“The seed fat of Parinarium laurinum. Part I. Component acids of the seed fat.” 
By J. P. RIvey. 

“ Hydrogen chloride—aluminium chloride as an agent forisomerisation.” By G. BADDELEY. 

“ Oxidation states of the rare-earth and actinide elements.” By R. E. Connick. 

“ Stability of complexes of uranyl nitrate with ketones and ethers.”” By A. R. MATHIESON. 

“On the direct production of carrierless organic radio-halides.” By E. GLUECKAUF, 
R. B. Jacost, and G. P. Kirt. 

“ The determination of radon and radium in water.” By R. B. JAcosI. 

“ Radioactive tracers in antisera.” By F. D. S. BUTEMENT. . 

“ Techniques in radiochemical assay with Geiger—Miiller counters.” By G. B. Cook and 
J. F. Duncan. 

“ The hydrolysis of the uranylion. Part I.” By J. Sutton. 

“The activity coefficient of uranyl nitrate in the presence of sodium nitrate.” By 
E. GLUECKAUF, H. A. C. McKay, and A. R. MATHIESON. 

“Toxic fluorine compounds containing the C-F link. Part VII. Evidence for the 
8-oxidation of w-fluoro-carboxylic acids in vivo.” By F. L. M. Pattison and B. C. 
SAUNDERS. 

“3 : 6-3’ : 6’-Dianhydro-derivatives of 6-methylcellobioside and of §-methylmaltoside.” 
By F. H. Newt, S. D. Nicuoras, F. Situ, and L. F. Wiccrns. 

“The infra-red spectra of carcinogens. Part I. Derivatives of stilbene.” By H. W. 
THompson, Eva E. Vaco, M. C. CoRNFIELD, and S. F. D. Orr. 

“Infra-red spectra of carcinogens. Part II. Polynuclear hydrocarbons.” By S. F. D. 
Orr and H. W. THompson. 

“ Infra-red studies of retene and its hydrogenation product.” By P. V. Laakso, S. F. D. 
Orr, and H. W. THompson. 

“Complexes between metal salts and long-chain aliphatic amines. Part I. The com- 
plexes of cupric salts with long-chain amines.” By A. R. BURKIN. 

“Complexes between metal salts and long-chain aliphatic amines. Part II. The com- 
plexes of cuprous halides with long-chain aliphatic amines.” By R. G. WILKINS 
and A. R. BURKIN. 

“Complexes between metal salts and long-chain aliphatic amines. Part III. The 
oxidation of copper(I) complexes to copper(II) complexes.” By R. G. WILKINS 
and A. R. BurKIN. 

“The physical properties of some aliphatic compounds.” By S. A. Mumrorp and 
J. W. C. Puirutps. 

“ Thiazole analogues of dethiobiotin.” By G. Swan. 

“ The Schmidt reaction on 1 : 2-5 :.6-dibenz-3 : 4-anthraquinone.” By (Miss) E. F. M. 
STEPHENSON. 

“ Synthesis of fluoranthenes. Part II. Michael addition of vinyl cyanide to fluorene-9- 
carboxylic esters.” By ALFRED CAMPBELL and S. Horwoop TUCKER. 

“ Reactions of nitroparaffins. Part III. The reaction of primary nitroparaffins with 
acetic anhydride.” By T. URBANSKI. 

“The mechanism of bromine substitution in aqueous solution.” By W. J. WILson and 
F. G. SoPER. 

“ Reductions with aluminium alkoxides. Part I. The relative proportion of epimers 
in alcohols derived from cyclic ketones.” By L. M. JACKMAN, A. KILLEN MACBETH, 
and JouN A. MILLs. 

“ Reductions with aluminium alkoxides. Part II. Modified procedure.” By A. KILLEN 
MACBETH and Joun A. MILLs. 
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“4:4'- and 2: 4’-Dihydroxydiphenyl sulphones.” 


RALPH SUMMERS. 
“* Olefinic acids. 
dimethylacrylic acid system.” 
“‘ Olefinic acids. 
SULTANBAWA. 
“ Olefinic acids. Part VI. 
M. U. S. SULTANBAWA. 
“ Olefinic acids. Part VII. 
acid.” 


STEIN. 
“Syntheses in the thiopyran series. 
NAYLOR. 


“ Preparation of digeranyl ether [di-(3 : 7-dimethylocta-2 : 6-dienyl) ether].” 


F. NAYLOR, 
“ Isomeric methoxystilbenes.” 
“ Tsomeric propenylnaphthalenes.”’ 


“‘ The preparation of the two stereoisomeric forms of 7 : 7’-diacenaphthyl.” 
JONEs. 


a-Bromo-y-methoxycrotonic acid.” 


Part II. 


By LeonarpD E. HINKEL and G. H. 


Part IV. Prototropic and anionotropic changes in the a-bromo-§é- 
By L. N. OWEN and M. U. S. SULTANBAWA. 
Part V. y-Methoxycrotonic acid.” 


By L. N. Owen and M. U. §S. 
By L. N. OWEN and 


The addition of thiols to propiolic and acetylenedicarboxylic 
By L. N. OWEN and M. U. S. SULTANBAWA. 

“ Reactions of crotonaldehyde with ethanethiol.” 
“Note on the solvent extraction of protoactinium.” 


By R. H. HALt and B. K. Howe. 
By A. G. Mappock and L. H. 
Dihydro-derivatives.” By Ratpu F., 


By RALPH 


By Georce A. R. Kon and R. G. W. SPICKETT. 

By Georce A. R. Kon and R. G. W. SPICKETT. 

“The chemistry of carcinogenic nitrogen-compounds. 
pyrroles and indoles as potential co-carcinogens.”’ 


Part III. Polysubstituted 
By Ng. Ph. Buvu-Hoi. 
By J. Ipris 





ADDITIONS TO 


I. Donations 


British DruGc Houses, Ltp. and Hopkin 
& Witiiams, Ltp. “ Analar” standards for 
laboratory chemicals. 4th edition. London 
1949. pp. xviii + 302. (Reference.) 

From the Directors. 

INDIAN DarIRY SCIENCE ASSOCIATION. 
Indian Journal of Dairy Science. Vol. I, etc. 
Bangalore 1948+. (Reference.) 

From the Bureau of Abstracts. 

Prout, W. Chemistry, meteorology and 
the function of digestion, considered with 
reference to natural theology. 3rd edition. 
London 1845. pp. xxviii+ 515. ill. (Recd. 
29/6/49.) From Mr. A. C. Riddiford. 

REVUE DE L'INDUSTRIE TEXTILE BELGE. 
Year 12, No. 28, etc. Bruxelles 1948+. 
(Reference.) | From the Bureau of Abstracts. 

SHELL PETROLEUM Company, Royal-Dutch 
Shell Group. The petroleum handbook. 3rd 
edition. London 1948. pp. [x] + 658. ill. 
(Reference.) From the Company. 

SocréTtE DE CHIMIE PuysiguE and the 
FARADAY Society. Surface chemistry; 
papers presented for a discussion at a joint 
meeting held at Bordeaux from 5 to 9 October, 
1947, in honour of Professor Henri Devaux. 
London 1949. pp. x + 334. ill. (Refer- 
ence.) From the Faraday Society. 

West, T. F., Strausz, H. J., and Barton, 
D. H. R. Synthetic perfumes: their chem- 


THE LIBRARY 


istry and preparation. 
viii + 380. 


London 1949. pp. 
(Reference.) Arnold. 70s. 
From Dr. T. F. West: 
Wuynss, A. L. The chemistry of nitrosyl 
chloride and related compounds. 1949. pp. 
147. ill. (Reference.) [Typescript.] 
From the Author. 
Witco CHEemicat Co. Carbon Black Divi- 
sion. Report No. CB 1, etc. New York 
1949 +. (Reference.) 
From the Company. 


II. By Purchase 


ARBEITSSTAB CHEMISCHE FORSCHUNG UND 
ENTWICKLUNG. Reichsberichte fiir Chemie. 
Vol.I, Parts I and II. Berlin 1944. pp. 93; 
94—245. ill. (Reference.) H.M.S.O. 10s. 

BIOCHEMICAL PREPARATIONS. Edited by 
H. E. Carter [and others]. Vol. I, etc. 
New York 1949+. (Reference.) Wiley. 
$2.50. 

Biout, E. R., HonEenstein, W. P., and 
Mark, H. Monomers: a collection of data 
and procedures on the basic materials for the 
synthesis of fibres, plastics, and rubbers. 
New York 1949. (Reference.) [Loose-leaf 
file.] Interscience. $7.50. 

CLERCK, J. DE. Cours de brasserie. Vols. 
I and II. Louvain 1948. pp. xx + 626; 
xxvi + 602. ill. Van _ Linthout. 120s. 
(Recd. 30/6/49.) 
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Corp SpriInG Harsor, Biological Labora- 
tory. Symposia on quantitative biology. 
Vol. XIII. Biological applications of tracer 
elements. New York 1948. pp. xii + 222. 
ill. (Reference.) Long Island Biol. Assoc. 
$7.00. 

EIsTERT, B. Chemismus und Konstitu- 
tion. Vol. I. Grundlagen und einige An- 
wendungen der chemischen Elektronentheorie. 
Stuttgart 1948. pp. xii+ 387. ill. Enke. 
DM. 41.50. (Recd. 4/7/49.) 

GUENTHER, E., and ALTHAUSEN, D. The 
essential oils. Vol. II. The constituents of 
the essential oils. New York 1949. pp. 
xiv ++ 852. ill. Van Nostrand. $10.00. 
(Recd. 30/6/49.) 

Hopeman, C. D. [Editor.] Handbook of 
chemistry and physics: a ready-reference 
book of chemical and physical data. 31st 
edition. Cleveland 1949. pp. xx + 2737. 
(Reference.) Chemical Rubber Co. $6.00. 

KREULEN, D. T. W. Elements of coal 
chemistry. Rotterdam 1948. pp. 204. ill. 
Nijgh & Van Ditmar. Dutch Fl. 18.25 
(Recd. 30/6/49.) 


III. Pamphlets 


BRITISH SCIENTIFIC INSTRUMENT RESEARCH 
AssociaTION. Information Department. Cata- 


_ amidinen en trichlooraceetamidinen. 


logue of books in the library, March 1949. 
London 1949. pp. 62. 

British THomson-Hovuston Co. Ltp. Re- 
search Laboratory. Fluorescent lamp radi- 
ations. By H. R. Rurr. (From Light and 
Lighting, 1949.) Rugby 1949. pp. 6. 

Dost, N. Invloed van de sulfonylgroep 
op de activiteit van de dubbele binding. 
Groningen 1949. pp. 106. 

FEDERATION OF BRITISH INDUSTRIES. In- 
dustrial Research and Education Committees. 
The education and training of technologists. 
London 1949. pp. 18. 

ILtttnois UNIVERSITY. Engineering Ex- 
periment Station. Circular Series No. 650. 
Bibliography of electro-organic chemistry. 
Part I. By S. Swann, jun. Urbana 1948. 
pp. 114. 

TOWNSEND, L. G. Some aspects of iron 
oxide purification of fuel gases. Liverpool 
1949. pp. 49. ill. 

WaANMAKER, W.L. Gesubstitueerede form- 
Gron- 
ingen 1949. pp. [iv] + 7. 

Wiccin, Henry & Co. Monel and K 
Monel: properties and applications. Birm- 
ingham 1949. pp. 18. ill. 

Iconel: properties and applications. 


Birmingham 1949. pp. 14. ill. 
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J. M. C. Thompson, M.A., D.Phil., A.R.I.C., Chemistry Department, 
Marischal College, The University, Aberdeen. 

T. Iredale, B.Sc., F.R.1.C., The University, Sydney, Australia. 

L. L. Bircumshaw, M.A., D.Sc., Department of Chemistry, The 
University, Edgbaston, Birmingham, 15. 

F. H. Pollard, B.Sc., Ph.D., A.R.I.C., Chemistry Department, The 
University, Woodland Road, Bristol. 

B. Lythgoe, Ph.D., Organic Chemistry Department, The University, 
Cambridge. 

W. D. McFarlane, M.A., Ph.D., The Laboratories, The Canadian 
Breweries Ltd., 496, Queeen Street East, Toronto, 2. 

N. Campbell, D.Sc., Ph.D., Chemistry Department, King’s Buildings, 
-West Mains Road, Edinburgh. 

V. C. Barry, D.Sc., F.R.I.C., Chemistry Department, University 
College, Upper Merrion Street, Dublin. 
S. J. Gregg, Ph.D., A.R.C.S., A.R.I.C., Department of Chemistry, 
Washington Singer Laboratories, Prince of Wales’ Road, Exeter. 
J.C. Speakman, M.Sc., Ph.D., Chemistry Department, The University, 
Glasgow, W.2. 

Professor Brynmor Jones, Sc.D., Ph.D., F.R.I.C., University College, 
Hull. 

Sir Shanti S. Bhatnagar, O.B.E., D.Sc., F.R.S., Council of Scientific 
and Industrial Research, New Delhi, India. 

F. R. Goss, D.Sc., Ph.D., F.R.1.C., The University, Leeds, 2. 

W. B. Whalley, B.Sc., Ph.D., F.R.1.C., Organic Chemistry Department, 
The University, Liverpool. 

L. A. Haddock, M.Sc., F.R.I.C., I.C.I., Ltd. (General Chemicals 
Division), Research Department, Widnes Laboratory, Widnes. 

G. Baddeley, M.Sc., Ph.D., The College of Technology, Manchester. 

M. A. T. Rogers, B.Sc., Ph.D., A.R.I.C., Imperial Chemical Industries, 
Ltd., Hexagon House, Blackley, Manchester. 

P. L. Robinson, D.Sc., F.R.1.C., Chemistry Department, King’s 
College, Newcastle-on-Tyne. 

Professor F. G. Soper, D.Sc., Ph.D., F.R.1.C., University of Otago, 
Dunedin, New Zealand. 

H. Graham, D.Sc., A.R.I.C., 26, Malone Hill Park, Belfast. 

W. Rogie Angus, M.A., D.Sc., Ph.D., F.R.1.C., Department of 
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J. C. Roberts, Ph.D., B.Pharm., A.R.I.C., University College, 
University Park, Nottingham. 

W. A. Waters, M.A., Sc.D., Ph.D., F.R.I.C., Balliol College, Oxford. 

J. D. M. Ross, M.B.E., M.A., D.Sc., Chemistry Department,. University 
College, Dundee. 

A. H. Lamberton, B.Sc., Ph.D., Chemistry Department, The Univer- 
sity, Sheffield, 10. 

Professor W. Pugh, Ph.D., B.Sc., F.R.I.C., Chemistry Department, 
University of Cape Town, Rondebosch, S. Africa. 
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Professor C. W. Shoppee, Ph.D., D.Sc., D.Phil., A.R.C.S., F.R.I.C., 
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THE CHEMICAL SOCIETY 





SCIENTIFIC MEETINGS DURING OCTOBER AND NOVEMBER, 1949 
LONDON. 
Thursday, October 20th, 1949, at 7.15 p.m. 





Tilden Lecture, Acetylene and Acetylenic Compounds in Organic Synthesis, by 
Professor E. R. H. Jones, D.Sc., F.R.1.C. 


To be held in the Main Chemistry Lecture Theatre of Imperial College of Science and Tech- 
nology, South Kensington, London, S.W.7. 


Thursday, November 3rd, 1949, at 7.15 p.m. 





The following papers will be read and discussed : 

“ Triethylenediamine (1 : 4-Diazabicyclo[2:2:2joctane) and Hexaethylenetetr- 
amine,” by F. G. Mann and Deb. P. Mukherjee. 

“Catalysis of Diels-Alder Diene Associations. Part V. Proton and Electron 
Transfer Processes,” by W. Rubin, H. Steiner, and A. Wassermann. 


“ The Enzymic Synthesis and Degradation of Starch. Parts IV, V, VI, and VII,” 
by S. A. Barker, E. J. Bourne, S. Peat, and I. A. Wilkinson. 


Abstracts of the Papers may be obtained on application to the General Secretary. 
Thursday, November 17th, 1949, at 7.15 p.m. 





Centenary Lecture, Radiation Induced Polymerization, by Dr. M. Magat. 
To be held in the Lecture Hall, The Institution of Mechanical Engineers, Storey’s Gate, S.W.1. 


Wednesday, November 30th, 1949, at 2.30 p.m. and 8 p.m. 


Symposium, Fluorine Chemistry, arranged by Professor H. J. Emeléus, D.Sc., 
F.R.S. The Programme will include contributions from the following: A. J. 
Rudge (I.C.I. General Chemicals, Widnes) ; Miss J. Banus, H. J. Emeléus, R. N. 
Haszeldine, A. G. Sharpe, and A. A. Woolf (University of Cambridge); M. G. 
Evans and E. Warhurst (University of Manchester); M. Stacey and J. C. 
Tatlow (University of Birmingham). 


To be held in the Lecture Theatre of The Royal Institution, Albemarle Street, W.1. 





ABERDEEN. 
Friday, November 11th, 1949, at 7.30 p.m. 





Tilden Lecture, Acetylene and Acetylenic Compounds in Organic Synthesis, by 
Professor E. R. H. Jones, D.Sc., F.R.LC. 


Joint meeting with the Royal Institute Fi 


mistry and the Society of Chemical Industry 
arjschal College, Aberdeen. 


to be held in the Chemistry Department, M 


BIRMINGHAM. 
Friday, October 21st, 1949, at 4.30 p.m. 





Lecture, The Oxidation of Aldehydes in Solution, by Professor C. E. H. Bawn, Ph.D. 


Joint meeting with the University Chemical Society to be held in the Main Chemistry Lecture 
Theatre of the University, Birmingham. 





BRISTOL. 
Thursday, November 3rd, 1949, at 7 p.m. 


Lecture, What is a Chemical Bond ?, by Professor C. A. Coulson, M.A., D.Sc. 


Joint meeting with the Royal Institute of Chemistry and the Society of Chemical Industry to 
be held in the Department of Chemistry of the University, Bristol. 





EIRE. 
Wednesday, November 2nd, 1949, at 7.45 p.m. 


Lecture, Some Biologically Active Phenazine Derivatives, by Mr. J. G. Belton, M.Sc., 
A.R.L.C. 


To be held in the Department of Chemistry, University College, Dublin. 





EXETER. 
Friday, October 14th, 1949, at 5 p.m. 


Lecture, Diffraction of Neutrons by Crystals, by Dr. Kathleen Lonsdale, F.R.S. 


Joint meeting with University College of Exeter Scientific Society to be held in the Washing- 
ton Singer Laboratories, Prince of Wales Road, Exeter. 


Friday, November 25th, 1949, at 5 p.m. 


Lecture, Corrosion Inhibitors, by Dr. U. R. Evans, M.A., F.R.S. 


Joint meeting with the Royal Institute of Chemistry and the Society of Chemical Industry to 
be held in the Washington Singer Laboratories, Prince of Wales Road, Exeter. 








GLASGOW. 
Friday, October 28th, 1949, at 3.30 p.m. 


Lecture, The Art of Making Sulphate of Ammonia, by Dr. M. P. Applebey, M.B.E., 





M.A., F.R.I.C. 
To be held in the University, Glasgow. 
Friday, November 25th, 1949, at 7.15 p.m. 


Lecture, Modern Theories of Chemical Valeney, by Sir John Lennard-Jones, K.B.E., 
D.Sc., F.R.S. 


To be held in the University, Glasgow. 





HULL. 
Thursday, October 20th, 1949, at 6 p.m. 
Lecture, The Mechanism of Drug Action, by Professor A. R. Todd, M.A., D.Sc., 
F.R.S. 


Joint meeting with the University College of Hull Scientific Society to be held in the Science 
Lecture Theatre of University College, Hull. 





Thursday, November 10th, 1949, at 6 p.m. 


Lecture, Surface Films, by Professor N. K. Adam, M.A., Sc.D., F.R.S. 


Joint meeting with the University College of Hull Scientific Society to be held in the Science 
Lecture Theatre of University College, Hull. 





LIVERPOOL. 
Thursday, October 27th, 1949, at 4.30 p.m. 


Lecture, Editing for the Chemical Society, by Dr. R. S. Cahn, M.A., F.R.I.C. 
To be held in the Chemistry Lecture Theatre of the University, Liverpool. 








MANCHESTER. 
Thursday, October 20th, 1949, at 6.30 p.m. 


Meeting for the reading of original papers. 
To be held in the Chemistry Department of the University, Manchester. 


Wednesday, November 9th, 1949, at 10.30 a.m. 


Symposium, Some Chemical Aspects of Atomic Energy, by Dr. R. Spence, Dr. J. S. 
Anderson, Dr. E. Glueckauf, Dr. W. Wild, and Mr. G. B. Cook. 


Joint meeting with the Royal Institute of Chemistry and the Society of Chemical Industry to 
be held in the Chemistry Department of the University, Manchester. 








NEWCASTLE AND DURHAM. 
Friday, November 25th, 1949, at 5 p.m. 


Meeting for the reading of original papers. 
To be held in the Chemistry Building, King’s College, Newcastle-on-Tyne. 





NOTTINGHAM. 
Thursday, October 20th, 1949, at 6.30 p.m. 
Lecture, The Seattering of Light by Solutions, by Dr. E. J. Bowen, M.A., F.R.S. 


Joint meeting with the University Chemical Society to be held in the Lecture Theatre, 
Department of Chemistry of the University, Nottingham. 


Thursday, November 10th, 1949, at 6.30 p.m. 


Lecture, Organic Compounds of Fluorine, by Professor M. Stacey, D.Sc., F.R.1.C. 
Joint meeting with the University Chemical Society to be held in the Lecture Theatre, 
Department of Chemistry of the University, Nottingham. 








OX FORD. 
Monday, October 17th, 1949, at 8.15 p.m. 


Alembic Club Lecture, Compounds of the Inert Gases, by Mr. H. M. Powell, M.A., 
B.Sc. 
Monday, October 31st, 1949, at 8.15 p.m. 
Alembic Club Lecture, Microwave Spectroscopy, by Professor E. Bright Wilson, Jr. 








Monday, November 21st, 1949, at 8.15 p.m. 
Alembic Club Lecture, Synthesis of Nucleotides, by Professor A. R. Todd, M.A., 
A.Se., F.AS. 


All Fellows are invited to the above meetings which are to be held in the Physical 
Chemistry Laboratory, Oxford. 





ST. ANDREWS AND DUNDEE. 
Thursday, October 27th, 1949, at 5 p.m. 


Lecture, The Chemistry of Metallic Oxides, by Dr. J. S. Anderson, M.Sc., A.R.C.S. 
To be held in the Chemistry Department of University College, Dundee. 





SHEFFIELD. 
Thursday, November 3rd, 1949, at 5.30 p.m. 
Lecture, Some Aspects of the Organic Chemistry of Flourine, by Dr. C. W. Suckling. 
Joint meeting with Sheffield University Chemical Society to be held in the Chemistry 
Lecture Theatre of the University. 








SOUTHAMPTON. 
Friday, October 21st, 1949, at 7.45 p.m. 


Lecture, Medical Aspects of Radiation Chemistry, by Dr. Edson. 


Joint meeting with Mid-Southern Counties Section of the Royal Institute of Chemistry and 
the Chemical Society of University College, Southampton, to be held in the Physics Depart- 
ment of University College, Southampton. 


Friday, November 25th, 1949, at 5 p.m. 


Lecture, Macro-Molecular Studies with the Electron Microscope, by Professor W. T. 


Astbury, F.R.S. 
Joint meeting with the Chemical Society of University College, Southampton, to be held in 
the Physics Department of University College, Southampton. 








SOUTH WALES. 
Thursday, October 27th, 1949, at 7 p.m. 


Lecture, Aromatic Nitration, by Professor C. K. Ingold, D.Sc., F.R.S. 
To be held at University College, Cardiff. 
Friday, October 28th, 1949, at 5.30 p.m. 


Lecture, Aromatic Nitration, by Professor C. K. Ingold, D.Sc., F.R.S. 
Joint meeting with the Royal Institute of Chemistry and University College of Swansea 
Students’ Chemical Society, to be held at University College, Swansea. 








Friday, November 18th, 1949, at 5.30 p.m. 


Lecture, The Formation and Reactions of Free Radicals in Solution, by Professor 


M. G, Evans, D.Sc., F.R.S. 
Joint meeting with the University College of Swansea Students’ Chemical Society to be held ° 





at University College, Swansea. 


Wednesday, November 30th, 1949, at 7 p.m. 


Lecture, Some Recent Advances in the Physical Chemistry of High Polymers, by Dr. 
G. Gee, M.Sc., A.R.I.C. 
To be held at University College, Cardiff. 








PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY 





OFFICIAL ANNOUNCEMENTS 
DEATHS. 


The Council regret to announce the deaths of the following Fellows : 


Elected. Died. 
Henry Alexander (Leicester) May 18th, 1944. Apr. 2nd, 1949. 
Charles Frederick Ratcliffe Brotherton (Leeds) Apr. 15th, 1943. {uly 28th, 1949. 
—. William Hawley (Dumfries) y 15th, 1941. ay, 1949. 
erbert Frederick Stephenson (Epsom) Feb. 21st, 1905. july 19th, 1949. 
Edward Tyghe Sterne (Ontario) Feb. 2oth, 1919. eb. 2nd, 1949. 


RESEARCH FUND. 


A meeting of the Research Fund Committee will be held in November next. All 
persons who have received grants, and whose accounts have not been declared closed by the 
Council, are informed that reports must be received by the Society not later than November 
Ist, 1949. 

Applications for grants, to be made on forms obtainable from the General Secretary, 
must be received on or before November Ist, 1949. Applications from Fellows will receive 

. prior consideration. 


Attention is drawn to the fact that the income arising from the donation of the Worship- 
ful Company of Goldsmiths is principally devoted to the encouragement of research in 
inorganic and metallurgical chemistry, and that the income from the Perkin Memorial 


Fund is to be applied to investigations relating to problems connected with the coal tar and 
allied industries. 


ELECTION OF NEW FELLOWS. 
The following 35 candidates were elected Fellows of the Society on August 15th, 1949: 


Jitendra Nath Barman. Cecil Alfred Johnson. 

Hugh Ford Beeghly. Donald Laurie MacDonald. 
Laurence Walter Blundell. Norman Spencer McPherson. 
Norman Francis Henry Bright. Diana Marmion. 

Peter Bruml. Alan Horace Samuel Matterson. 
Hirsh Meyer Busch. jerzy W. Meduski. 

Peter Frank Sedgeley Cartwright. uno Alfred Calonder Meyer. 
Amarendra Nath Das. ohn Miller. 

Denis George Easterby. dsel Raymond Penney. 
Raymond Joseph Fearn. Fernand in. 

Desmond John Ferrett. George Hermon Slade. 

Olav Foss. Donald Harry Stanley. 

Andrew McMechan Foster. Carl James Stratmann. 
Desmond Gardner. Max Tishler. 

Samuel Gourley. Frank Gibbs Tetteh Obaka Torto. 
Vladimir Hach. ames Williams. 

Hugh Cardozo Hornsey. ul Winstein. 

Kenneth John Hunter. 


INSTITUTE OF METALS—SYMPOSIUM ON METALLURGICAL APPLICATIONS OF 
THE ELECTRON MICROSCOPE. 


A Symposium on Metallurgical Applications of the Electron Microscope, will be held at 
the Royal Institution on Wednesday, November 16th, 1949. The meeting will commence 
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at10a.m. The Symposium has been arranged by the Institute of Metals in association with 
the Chemical Society, Faraday Society, Electron Microscope Group of the Institute of 
Physics, Institution of Electrical Engineers, Iron and Steel Institute, Physical Society, and 
Royal Microscopical Society. 

A list of papers to be presented at the Symposium is given below, and Fellows of the 
Chemical Society may obtain copies from the Secretary, The Institute of Metals, 4, 
Grosvenor Gardens, London, S.W.1. It is particularly requested, however, that those who 


cannot be present at the meeting should await the report, which will include both papers 
and discussions. 


““ The Application of the Electron Microscope in Metallography ”’ (Introductory Paper), 
by N. P. Allen (National Physical Laboratory). 

“The Application of the Electron Microscope in Routine Metallography,” by G. L. J. 
Bailey and S. Vernon-Smith (British Non-Ferrous Metals Research Association). 

“‘ Elementary Slip Processes in Aluminium as shown by the Electron Microscope,”’ by 
A. F. Brown (Cavendish Laboratory, Cambridge). 

““ Some Observations on the Age-Hardening Process in an Aluminium—Copper Alloy,” 
by G. L. Bucknell and G. A. Geach (Associated Electrical Industries Research Laboratory). 

“ Studies in the Electron Microscopy of Nickel-Chromium Alloys,” by B. S. Cooper and 
G. A. Bassett (Research Laboratories, General Electric Co., Ltd.). 

“‘ Electron Microscopy in Metallurgy,” by P. Grivet (Sorbonne, Paris). 

“Electron Microscopy of Light Metal Alloys,’ by F. Keller (Aluminium Company of 
America). 

“Electron Microscopical Work on Metallurgical Problems in Germany during and 
since the war,” by H. Mahl (Suddeutsche Laboratorien G.m.b.H.). 

“ A Note on the Examination of Metal Powders by the Electron Microscope,” by J. I. 
Morley (Firth-Brown Research Laboratories). 

“A Replica Technique for the Examination of Fracture Surfaces with the Electron 


Microscope,” by J. Nutting (British Iron and Steel Research Association) and V. E. Cosslett 
(Cavendish Laboratory, Cambridge). 

“‘ The Dry Stripping of Formvar Replicas from Etched Metal Surfaces,” by J. Nutting 
(British Iron and Steel Research Association) and V. E. Cosslett (Cavendish Laboratory, 
Cambridge). 

“‘ The Microstructure of a Water-Quenched Carburized Iron,” by J. Trotter, D. McLean, 
and C. J. B. Clews (National Physical Laboratory). 


BRITISH STANDARDS INSTITUTION. 


The following draft of British Standards Specification has been received for technical 
comment : 


CK(ISE)4968 Draft British Standard methods for the determination of titanium in 
permanent magnet alloys. 


This has been placed in the Library, and Fellows wishing to make technical comment 
are requested to do so before September 21st, 1949, to the British Standards Institution, 
24/28, Victoria Street, London, S.W.1. 





LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objections to the election of these candidates should communicate with the 
Honorary Secretaries within ten days of the date of publication of the Journal for August, 1949. Such 
objections will be treated as confidential. The forms of application are available in the Library.) 


*Berger, Martin Norbert, B.Sc. (Lond.). British. 6, St. Paul’s Road, Salford, 7. Chemist, Research 
Department, Imperial Chemical Industries, Ltd. Signed by: W. A. Cowdrey, W. Titterington, 
D. S. Davies. 

Birks, Frank Thomas, A.R.I.C. British. 23, Hillside, A.E.R.E., Harwell, Didcot. Experimental 
Officer, Ministry of Supply. Signed by : J. Sutton, J. F. Duncan, B. A. Lister. 
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*Bond, Margaret Anne. British. Harbrae, Mount Road, Brixham. Student, University College, 
Exeter. Signed by : K. Schofield, Kenneth J. Hill, E. G. J. Willing. 

Briston, John Herbert, B.Sc. (Lond.). British. 336, Lynmouth Avenue, Morden. Analytical and 
Consultant Chemist. Signed by : D. Davall, W. M. Seaber, R. A. Rabnott. 

Campbell, Arthur Derek, M.Sc. (N.Z.). British. Chemistry Department, University of Otago, Dunedin, 
New Zealand. Assistant Lecturer in Chemistry. Signed by : F. G. Soper, S. N. Slater, W. G. H. 
Edwards. 

*Capindale, John Bretton. British. 81, Surrey Street, Parkinson Lane, Halifax. Student, Jesus 
College, Oxford. Signed by : W. A. Waters, L. A. Woodward, G. T. Young. 

*Cox, Frederick Glynn, B.Sc. (Lond.), A.R.C.S. British. 17, Redcliffe Street, S.W.10. Research 
Student. Signed by: A. A. Eldridge, F. C. Tompkins, L. N. Owen. 

Dunbar, Harold Jessup Douglas, A.R.I.C. British. Glazebrooks Paints, 269/297, Williamstown Road, 
Port Melbourne, S.C.7, Australia. Chief Chemist. Signed by : Kenneth S. Burch, H. L. Howard, 
A. T. Healey. 

*Landsman, Sidney. British. 49, Underwood Road, Stepney, E.1. Laboratory Assistant. Signed by : 
H. T. Fawns, P. A. Claret, J. E. Garside. 

*Lewis, Clement Alexander, B.Sc. (Lond.). British. 10, Westbourne Avenue, Worthing. Lecturer in 
Chemistry, Brighton Technical College. Signed by : D. J. Elgar, T. J. Morrison, J. H. Waton. 
Papworth, Dennis Stephen, B.Sc. (L’pool). British. Flat 3, 71, Bedford Street, Liverpool, 7. Student. 

Signed by : W. B. Whalley, G. W. K. Cavill, A. McGookin. 

Potter, Robert Towns, A.R.I.C. British. 1, Junction Road, Kirkcaldy. Cereal Chemist. Signed 
by : Hugh B. Nisbet, Robert G. M. Dakers, A. Mackie. 

Woollard, Christopher Stanley. British. 159, Queen’s Drive, Finsbury Park, N. 4. Chemist, British 
Celanese, Ltd. Signed by : H. L. Peerman, D. D. Singer, T. N. Parkin. 

Yardley, Harold John. British. 25, Chudleigh Road, Erdington, Birmingham, 23. Student, Birming- 
ham University. Signed by : M. Stacey, L. F. Wiggins, E. J. Bourne. 


UNDER SPECIAL PROVISIONS APPERTAINING TO CANDIDATES RESIDENT 
ABROAD. 


Burns, Malcolm McRae, M.Sc. (N.Z.), Ph.D. (Aberd.). British. Cambourne Road, Papatoetoe, Auckland, 
New Zealand. Director of Fertilizer Research Association. Signed by : J. K. Dixon, R. B. Miller. 

*de Maine, Paul Alexander Desmond, B.Sc. (Witwatersrand). South African. P.O. Box 699, Bulawayo, 
Southern Rhodesia. Chemist. Signed by: K. A. Murray, S. S. Israelstam. 

Tomlinson, George Herbert, B.A. (Trinity College, Toronto), D.C.L. (Bishop’s University). Canadian. 
c/o Howard Smith Paper Mills, Ltd. 1235, McGill College Avenue, Montreal, 2, P.Q., Canada. 
Vice-President and Director Howard Smith Paper Mills, Ltd. Signed by : Charles H. Mitson. 


* Reduced annual subscription. 





PAPERS RECEIVED 
(List of papers received between July llth and August 9th, 1949.) 


‘ The passivity of metals. Part X. The mechanism of direct dissolution of ferric oxide.” 
By M. J. Pryor and U. R. Evans. 

“‘ Photochemical reactions. Part XV. (a) Photopolymerization of coumarin and related 
substances. (b) Photo-addition and -reduction processes of aromatic ketones.’’ By 
A. SCHONBERG, N. Latir, R. MOUBASHER, and (in part) W. I. Awap. 

‘‘ Preparation of carrier-free **P from pile-irradiated sulphur. Part I. Adsorption of 
32P on ferric hydroxide and dialysed iron.” By A. W. Kenny and W. J. Spracc. 

‘“‘ The synthesis of 10-substituted 9 : 10-dihydroarsanthridines.” By G. H. Cookson and 
F. G. MANN. 

““ The interaction of diazomethane and diphenylchloroarsine.”” By G. H. Cookson and 
F. G. MANN. 

“Researches on acetylenic compounds. Part XXI. Reformatsky reactions with 
propargyl bromides.”’ By H. B. HENBEsT, E. R. H. Jones, and I. M. S. WALLs. 

“ Aryl-2-halogenoalkylamines. Part IV. The reaction of NN-di-(2-chloroethyl)-/- 
anisidine and -$-naphthylamine in aqueous acetone solutions of amines.” By 
W. C, J. Ross. 

“ Aryl-2-halogenoalkylamines. Part V. The preparation of 1 : 4-disubstituted piper- 
azines by the reaction of di-(2-halogenoalkyl)amines with primary amines.” By W. 
Davis and W. C. J. Ross. 





94 


“‘ Replacement of substituents in derivatives of mesobenzanthrone.” By W. BRADLEY. 

“1: 5-Dimethoxyanthracene.”” By J. W. Cook and P. L. Pauson. 

“Chemical identity of the sulphur formed by the slow-neutron bombardment of alkali 
chlorides.” By U. Croatto and A. G. MAppock. 

“ A violet water-soluble copper cyanide.”” A. GLASNER and K. R. Simon ASHER. 

““Macrozamin. PartI. The identity of the carbohydrate component.”’ By B. LYTHGOE 
and N. V. RiaGs. 

““Macrozamin. Part II. The products of acidic and alkaline hydrolysis of macro- 
zamin.”’ By B. LyTHGoE and N. V. Riccs. 

“Organosilicon compounds. Part I. The formation of alkyliodosilanes.” By C. 
EABORN. 

“The normal density of propane and its expansion coefficients between 0 and 20°C.” 

By D. S. MAssiz and R. WHYTLAW-GRAY. 

“Toxic fluorine compounds containing the C-F link. Part VIII. Fluoro-carboxylic 
acids containing a hetero-oxygen atom.” By F. J. BucKLE and B. C. SAUNDERs. 

“ The constitution of ngaione. By C. W. Branpt and D. J. Ross. 

“The reaction of fluorocarbon radicals. Part I. The reaction of iodotrifluoromethane 
with ethylene and tetrafluoroethylene.”” By R. N. HASZELDINE. 

“The reaction between paraffin hydrocarbons and sulphur vapour.”” By W. A. Bryce 
and Sir CyriL HINSHELWOOD. 

“ Dielectric constant and dipole moment of hydrogen halides.” By S. K. K. JATKAR 
and (Miss) S. B. KuLKARNI. 

“Cyanides. Part II. The influence of substituents in the synthesis of arylsulphonyl- 
arylcyanamides.” By F. Kurzer. 

“Cyanamides. Part III. The formation of substituted triazines from o-halogeno- 
phenylureas and arylsulphonyl chlorides.” By F. Kurzer. 

“The rotatory dispersion and circular dichroism of L~y-chloro-y-nitroso-8-phenylvaleric 
acid.’”’ By STOTHERD MITCHELL and W. E. F. NAIsMITH. 

“The properties of freshly formed surfaces. Part XI. Factors influencing surface 
activity and adsorption rates in aqueous decyl alcohol.”” By C. C. ADDISON and 
S. K. HUTCHINSON. 

“The properties of freshly formed surfaces. Part XII. An experimental study of the 
desorption process with particular reference to aqueous decyl alcohol solutions.”’ 
By C. C. Apptson and S. K. HuTcHInson. 

‘“‘ The properties of freshly formed surfaces. Part XIII. The compressibility of soluble 
films of decyl and other alcohols.” By C. C. Appison and S. K. HUTCHINSON. 

“ The properties of freshly formed surfaces. Part XIV. Further studies of the influence 
of surface expansion on soluble films of long-chain compounds.”” By C. C. ADDISON 
and S. K. HuTCHINSON. 

“‘ Hydroxy-quinoxalines and -phenazines, and experiments on the preparation of hydroxy- 
quinoxaline di-N-oxides.” By F. E. Kine, N. G. CLARK, and P. M. H. Davis. 

“‘ Puberulic and puberulonic acid. Part I. The molecular formula of puberulonic acid 
and consideration of possible benzenoid structures for the acids.” By R. E. CorsBetrt, 
C. H. Hassati, A. W. Jounson, and A. R. Topp. 

“Puberulic and puberulonic acid. Part II. Structure.” By R. E. Corsett, A. W. 
Jounson, and A. R. Topp. 

“ The position of the cis- and ¢rans-uranic elements in the periodic system: uranides or 
actinides.” By R. E. Connick. 

“Molecular polarisation and molecular interaction. Part III. The use of dielectric 
polarisation measurements in studying the extent of molecular interaction in solution. 
The system aniline-1 : 4-dioxan-benzene.” By A. V. FEw and J. W. SmitH. 

“The magnetic susceptibility of certain organic compounds. Part II. The constitution 


of picric acid, naphthalene, and naphthalene picrate.” By F. G. Baddar and H. 
MIKHAIL. 


“The isomerisation of labile diphenyl-4 : 4’-bisdiazocyanide in solution.”” By D. D. 
Brown, R. J. W. LE FEvre, and R. W. WHITTEN. 
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“Vibrational spectra of alkyl esters of phosphorus oxyacids.”’ By C. I. Meyrick and 
H. W. THOMPSON. 

‘“‘ Organometallic fluorine compounds. Part I. The synthesis of trifluoromethyl and 
pentafluoroethyl mercurials.”” By H. J. EmeLEus and R. N. HaszeLpIne. 

“ Organometallic fluorine compounds. Part II. The synthesis of mercury bistrifiuoro- 
methyl.”” By H. J. Emectus and R. N. HAszELDINE. 

“ Studies in light absorption. Part IX. The relation between absorption intensities and 
molecular dimensions, and its application to the electronic spectra of polyenes and 
polycyclic aromatic hydrocarbons.”’ By E. A. BRAUDE. 

‘2: 4-Dimethylresorcinol.”” By WiLson Baker, H. F. Bonpy, J. F. W. McOmie, and 
H. R. TUNNICLIFF. 

‘“‘ Anhydrides of polyhydric alcohols. Part XII. The amino-derivatives of 1 : 4-3: 6- 
dianhydro-mannitol, -sorbitol, and -L-iditol and their behaviour towards nitrous 
acid.’’ By V. G. BAsHForD and L. F. WicGINs. 

“] ; 2-Disubstituted 3-aminoindoles. Part I. Preparation and reactions.” By HuAnc- 
HsInMIN and F, G, Mann. 

‘‘ 3-Amino-1 : 2-disubstituted-indoles. Part II. The preparation of indolo(3’ : 2’-3 : 4)- 
isoquinolines and of a new type of cyanine dye.”” By HUANG-HsINMIN and F. G. MANN. 

“ Esters containing phosphorus. PartIX.” By H.G. Cook, J. D. ILett, B.C. SAUNDERs, 
G. J. Stacey, H. G. Watson, I. G. E. Witp1nG, and S. J. Woopcock. 

“Studies in the azole series. Part XXIII. A new synthesis of 6-aminopurines.”” By 
A. H. Cook and E. Smit. 

“Studies in the azole series. Part XXIV. The interaction of carbonyl compounds and 
2-thiothiazolid-5-one.” By A. H. Cook and J. R. A. PoLtock. 

“Organolead compounds. Part II. (a) Novel types in the trialkyl-lead series. (0) 
Further examples.”” By R. Heap and B. C. SAUNDERs. 

“ Betulic acid from Syncarpia laurifolia Tenn.” By C. S. Racpu and D. E. Wuite. 

“ Auric fluoride and related compounds.”” By A. G. SHARPE. 

“ Derivatives of 4: 5-dimethylresorcinol.’”” By A. ROBERTSON and W. B. WHALLEY. 

“ Catalytic hydroxylation of unsaturated compounds.” By (the late) MARTIN MUGDAN 
and D. P. Younc. 

‘“‘ Hydrolyses and derivatives of some vesicant arsenicals.”” By W. A. WATERS and J. 
HOWARTH WILLIAMS. 

“ Organic fluoro-compounds. Part I. Hydroxy-derivatives of benzotrifluoride.” By 
W. B. WHALLEY. 

“‘ Chemical action of ionising radiations on aqueous solutions. PartI. Introductory, and 
description of irradiation arrangements.’’ By F.T. FARMER, G. STEIN, and J. WEIss. 

“Chemical action of ionising radiations on aqueous solutions. Part II. The action of 
X-rays on benzene and benzoic acid.’’ By G. STEIN and J. WEIss. 

“Chemical action of ionising radiations on aqueous solutions. Part III. The action of 
neutrons and of alpha-particles on benzene.’’ By G. STEIN and J. WEIss. 

“ The action of ionising radiations on aqueous solutions. Part IV. The action of X-rays 
on some amino-acids.”” By G. STEIN and J. WEIss. 

“‘ Chemical constitution and sex-hormonal activity. The synthesis of some 1-cyclopenty]l- 
and 1-cyclohexyl-1 : 2-diarylethylenes.” By D. H. Hey and O. C. MusGRAVE. 

“ Internuclear cyclisation. Part I. Modifications and extensions of the Pschorr reaction.” 
By D. H. Hey and J. M. OsBonp. 

“Internuclear cyclisation. Part II. The application of the Pschorr reaction to some 
substituted derivatives of o-amino-a-phenylcinnamic acid.” By D. H. Hey and 
J. M. OsBonp. 

“Intramolecular acylation. Part I. The ring closure of some (-substituted glutaric 
acids.” By D. H. Hey and D. H. Kouy, 

““Some phenyl-pyridines and -quinolines.”” By (Mrs.) W. J. Apams, D. H. Hey, P. 
MaMALIs, and R. E. PARKER. 

“ Arylamino-dialkylaminoalkylamino-derivatives of quinaldine and lepidine.” By A. 
Apams and D. H. Hey. 
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“‘ The action of 6-amylose on amylopectin and on glycogen.” 
Hirst, L. Houeu, and J. K. N. Jongs. 

“‘ The constitution of yeast ribonucleic acid. Part XIV. Methylation of guanosine and 
adenosine.”” By A. S. ANDERSON, G. R. BARKER, (and the late) J. MAsson GULLAND. 

“‘ Properties of ion-exchange resins in relation to their structures. Part I. Titration 
curves.” By W. E. Topp and K. W. PEPPER. 

‘ Marine-algal cellulose.”” By E. G. V. Percivar and A. G. Ross. 

“‘ The enzymic synthesis and degradation of starch. Part VI. The properties of purified 
P- and Q-enzymes.” By S. A. BARKER, E. J. BouRNE, I. A. WILKINSON, and S, PEat. 

“The enzymic synthesis and degradation of starch. Part VII. Q-enzyme and iso- 
phosphorylase.” By S. A. BARKER, E. J. Bourne, I. A. WILKINSON, and S., PEAT. 

‘“‘Some physico-chemical properties of acridine antimalarials with reference to their 
biological action. Part I. Basic dissociation constants and reduction potentials.” 
By D. Li. Hammick and S. F. Mason. 

‘‘Some physico-chemical properties of acridine antimalarials with reference to their 
biological action. Part II. Lipoid partition coefficients, surface activities, and 
protein affinities.” By D. Lt. Hammick and S. F. Mason. 

‘Some physico-chemical properties of acridine antimalarials with reference to their mode 


By T. G. HALsaLt, E. L. 


of action. Part III. 
action.” By S. F. Mason. 
“* Glucose-2 phosphate. 


By (Mrs.) KATHLEEN R. FARRER. 
“ The oxidation of phenols with dibenzoyl peroxide.” 
WATERS. 
“‘ The oxidation of some higher aromatic hydrocarbons with perbenzoic acid.” 
Rott and W. A. WATERS. 
‘“‘ The reaction of bromine trifluoride with oxides and some oxyacid salts.” 


EMEL£us and A. A. WooLF. 


The correlation of physico-chemical properties with biological 


Its preparation and characterisation by hydrolysis studies.”’ 


By S. L. CosGrRove and W. A. 
By I. M. 
By H. J. 





ADDITIONS TO 


I. Donations 


Briarir, G. W. S. A survey of general and 
applied rheology. 2ndedition. London 1949. 
pp. xvi-+ 314. ill. (Recd. 20/7/49.) 

From the Publishers : Messrs. Pitman & Sons, 
Ltd. 

CANADA, DOMINION OF. 
Council. 
mittees, 
(Reference.) 


National Research 
War history of the associate com- 
Ottawa [1949]. pp. iii + 120. 


Division of Applied Biology. 
History of wartime activities. Ottawa [1949]. 
pp. iii + 145. (Reference.) 
Division of Chemistry. History 
of wartime activities. Ottawa [1949]. pp. ii + 
153. (Reference.) 
From the Scientific Liaison Office. 
CHEMICAL INSTITUTE OF CANADA. A history 
of chemistry in Canada. Compiled by C. J. S. 
WARRINGTON and R. V. V. NicHoLts. Toronto 
1949. pp. x + 502. ill. (Recd. 8/8/49.) 
From the Institute. 
Cisa Symposia. Vol.I, etc. Summit 1947-+-. 
(Reference.) 
From Ciba Pharmaceutical Products, Inc. 


THE LIBRARY 


Dyson, G. M. A new notation and enu- 
meration system for organic compounds. 2nd 
edition. London 1949. pp. x + 138. (Ref- 
erence.) From the Author. 

Fiat REVIEW OF GERMAN SCIENCE 1939— 
1946. Nuclear physics and cosmic rays. 
Parts] & II. By W. Botue and S. FLUGGE. 
Wiesbaden 1948. pp. [viii] + 230; [iv] + 
198. ill. (Recd. 15/7/49.) 

From the Department of Scientific and In- 
dustrial Research. 

GOLDSTEIN, R. F. The petroleum chemicals 
industry. London 1949. pp.xiv + 449. ill. 
63s. (Recd. 28/7/49.) 

From the Publishers : Messrs. E. & F. N. Spon, 
Ltd. 

HoaGLanD, S. [Editor.] The rheology of 
surface coatings. Bound Brook 1946. pp. 
80. ill. (Recd. 9/8/49.) 

From R-B-H Dispersions, Inc. 

LittLe, A., and MITCHELL, K. A. Tablet 
making. Liverpool [1949]. pp. 121. ill. 
(Recd, 20/7/49.) 

From the Publishers: Northern Publishing Co., 
Ltd. 
PascaL, P. Explosifs, 


poudres, gaz de 
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2nd edition. 
ill. 
From Miss J. E. S. Robertson. 


combat. 
viii + 320. 


Paris 1930. pp. 


II. By Purchase 


AMERICAN SOCIETY FOR TESTING MATERIALS. 
Symposium on deformation of metals as re- 
lated to forming and service. Philadelphia 
1949. pp. [vi] + 117. ill. Amer. Soc. Test. 
Materials. $2.00. (Reference.) 

ARKEL, A. E. VAN. Molecules and crystals 
in inorganic chemistry. Translated by J.C. S. 
SwaLLtow. London 1949. pp. x + 234. ill. 
Butterworth. 17s. 6d. (Recd. 15/7/49.) 

FeicL, F. Chemistry of specific, selective 
and sensitive reactions. Translated by R. E. 
OrsPER. New York 1949. pp. xiv + 740. 
Academic Pr. $13.00. (Recd. 8/8/49.) 

Frerz-Davip, H. E., and Brancey, L. 
Fundamental processes of dye chemistry. 
Translated from the 5th Austrian edition, by 
P. W. Vittum. New York 1949. pp. xxx + 
479. ill. Interscience. $9.50. (Recd. 
13/7/49.) 

FIEsER, L. F., and Fieser, M. Natural 
products related to phenanthrene. 3rd edi- 
tion. (American Chemical Society Monograph 
Series.) New York 1949. pp. xii + 704. 
Reinhold. $10.00. (Recd. 13/7/49.) 

MARSHALL, C, E, The colloid chemistry of 
the silicate minerals. New York 1949. pp. 
x+ 195. ill. Academic Pr. $6.00. (Recd. 
8/8/49.) 

Nacuop, F, C, ([Editor.] Ion exchange; 
theory and application. New York 1949. 
pp. xii+ 411. ill. Academic Pr. $8.00. 
(Recd. 8/8/49.) 

SIVADJIAN, J. La chimie des vitamines et 
des hormones. 3rd edition. Vol. I. La 


chimie des vitamines. Paris 1949. pp. vi + 
485. Gauthier-Villars. Fr. 2250. (Recd. 
11/8/49.) 


III. Pamphlets 


AUSTRALIA, COMMONWEALTH OF, Council 
for Scientific and Industrial Research. Aero- 
nautical Research Report ACA-42. Observa- 
tion of the lubricating oil film between piston 
ring and cylinder of a running engine: the 
effects of lubricant properties and additives. 
By R. L. Brooxs and M. L. Atkin. Mel- 
bourne 1948. pp. 13. ill. 

British DruGc Hovusgs, Lrp. Standard 
stains prepared for microscopical use, with 
general notes on staining methods and the 
preparation of material. Poole [1949]. pp. 
51. ill. 

RoyYAL INSTITUTE OF CHEMISTRY. Lectures, 
Monographs and Reports 1949, No. 2. Percy 
Faraday Frankland. By L. H. Lampitt. 
(Ist P. F. Frankland Memorial Lecture.) 
London 1949. pp. 14. All. 

—— 1949, No. 3. Anaesthetics. By 
H. B. Nispet. London 1949. pp. 30. 

—— 1949, No. 4. Report of a con- 
ference on the origins and prevention of 
laboratory accidents, 6 November, 1948. 
London 1949. pp. 80. ill. 

RUBBER-STICHTING. Communication No. 
98. The use of rubber in bituminous road 
constructions and some other applications of 
rubber containing bitumen. By F. T. BomKa, 
Delft 1949. pp. 23. ill. 

SOUTHERN RESEARCH INSTITUTE. A survey 
of the research status of the peanut industry. 
Conducted and compiled under the direction of 
C. L. WRENSHALL. Birmingham, Ala. 1946. 
pp. 69. 
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W. A. Waters, M.A., Sc.D., Ph.D., F.R.I.C., Balliol College, Oxford. 
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THE CHEMICAL SOCIETY 





SCIENTIFIC MEETINGS DURING NOVEMBER AND DECEMBER, 1949. 


LONDON. 
Thursday, November 3rd, 1949, at 7.15 p.m. 


The following papers will be read and discussed : 

“ Triethylenediamine (1: 4-Diazabicyclo[2:2:2]octane) and Hexaethylene- 
tetramine,” by F. G. Mann and Deb. P. Mukherjee. 

“Catalysis of Diels-Alder Diene Associations. Part V. Proton and Electron 
Transfer Processes,” by W. Rubin, H. Steiner, and A. Wassermann. 

“The Enzymic Synthesis and Degradation of Starch. Parts IV, V, VI, and VII,” 
by S. A. Barker, E. J. Bourne, S. Peat, and I. A. Wilkinson. 

Abstracts of the papers may be obtained from the General Secretary. 





Thursday, November 17th, 1949, at 7.15 p.m. 


Centenary Lecture, Radiation Indueed Polymerization, by Dr. M. Magat. 


To be held in the Lecture Hall, The Institution of Mechanical Engineers, Storey’s Gate, 
S.W.1. 





Wednesday, November 30th, 1949. 


Symposium, Fluorine Chemistry, arranged by Professor H. J. Emeléus, M.A., D.Sc., 
F.R.S. 


Afternoon Session at 2.30 p.m. 


“ The Production of Fluorine,” by A. J. Rudge (I.C.I. General Chemicals, Widnes). 

“The Preparation and Properties of Chlorine Trifluoride,” by R. le G. Burnett and 
A. A. Banks (I.C.I. General Chemicals, Widnes). 

“ Bromine Trifluoride as an Ionising Solvent,” by H. J. Emeléus, A. G. Sharpe, and 
A. A. Woolf (Cambridge). 

“ The Bond Dissociation Energy of Fluorine,” by M. G. Evans, E. Warhurst, and 
M. Whittle (Manchester). 

“The Reaction of Fluorine Compounds with Sodium Atoms,” by M. G. Evans and 
E. Warhurst (Manchester). 

“‘ Synthesis and Significance of Fluorocarbons,” by M. Stacey (Birmingham). 





Evening Session at 8 p.m. 
“Some Reactions of Trifluoromethyl Iodide and Pentafluoroethyl Iodide,’ by 
R. N. Haszeldine and (Miss) J. Banus (Cambridge). 
“ Trifluoroacetic Acid and its Derivatives,” by J. C. Tatlow (Birmingham). 
Abstracts of the papers for discussion may be obtained from the General Secretary. 


Thursday, December 15th, 1949, at 7.15 p.m. 


The following papers will be read and discussed : 
“‘ Some Physico-chemical Properties of Acridine Antimalarials with reference to their 
Biological Action. Parts I, II, and III,” by D. Ll. Hammick and S. F. Mason. 
“ The Properties of Freshly Formed Surfaces. Parts XI, XII, XIII, and XIV,” by 
S. K. Hutchinson and C. C. Addison. 
Abstracts of the papers may be obtained from the General Secretary. 








ABERDEEN. 
Friday, November 11th, 1949, at 7.30 p.m. 


Tilden Lecture, Acetylene and Acetylenic Compounds in Organic Synthesis, by 
Professor E. R. H. Jones, D.Sc., F.R.I.C. 


Joint meeting with the Royal Institute of Chemistry and the Society of Chemical Industry 
to be held in the Chemistry Department, Marischal College, Aberdeen. 





Monday, December 12th, 1949, at 7.30 p.m. 
Lecture, Some Recent Advances in the Chemistry of Fluorine Compounds, by 
Professor H. J. Emeléus, M.A., D.Sc., F.R.S. 


Joint meeting with the Royal Institute of Chemistry and the Society of Chemical Industry 
to be held in the Chemistry Department, Marischal College, Aberdeen. 





BIRMINGHAM. 
Friday, December 2nd, 1949, at 6.30 p.m. 


Lecture, Chemical Constitution and Biological Activity, by Dr. W. A. Sexton, 
F.R.L.C. 


Joint meeting with the University Chemical Society to be held in the English Lecture 
Theatre, The University, Edgbaston, Birmingham. 





BRISTOL. 
Thursday, November 3rd, 1949, at 7 p.m. 


Lecture, What is a Chemical Bond ?, by Professor C. A. Coulson, M.A., D.Sc. 


Joint meeting with the Royal Institute of Chemistry and the Society of Chemical Industry 
to be held in the Department of Chemistry, The University, Bristol. 





EIRE. 


Wednesday, November 2nd, 1949, at 7.45 p.m. 


Lecture, Some Biologically Active Phenazine Derivatives, by Mr. J. G. Belton, M.Sc., 
A.R.I.C. 





To be held in the Department of Chemistry, University College, Dublin. 


EXETER. 
Friday, November 25th, 1949, at 5 p.m. 


Lecture, Corrosion Inhibitors, by Dr. U. R. Evans, M.A., F.R.S. 


Joint meeting with the Royal Institute of Chemistry and the Society of Chemical Industry 
to be held in the Washington Singer Laboratories, Prince of Wales Road, Exeter. 





GLASGOW. 
Friday, November 25th, 1949, at 7.15 p.m. 


Lecture, Modern Theories of Chemical Valency, by Sir John Lennard-Jones, K.B.E., 
D.Sc., F.R.S. 


To be held at the University, Glasgow. 





HULL. 
Thursday, November 10th, 1949, at 6 p.m. 


Lecture, Surface Films, by Professor N. K. Adam, M.A., Sc.D., F.R.S. 


Joint meeting with University College Scientific Society to be held in the Science Lecture 
Theatre of University College, Hull. 








LIVERPOOL. 
Wednesday, November 16th, 1949,"at 4.30 p.m. 
Centenary Lecture, Radiation Induced Polymerization, by Dr. M. Magat. 


To be held in the Chemistry Lecture Theatre, The University, Liverpool. 
Thursday, December 15th, 1949, at 4.30 p.m. 


Lecture, The Biological Oxidation of certain Aromatic Compounds with special 
reference to the Bacterial Cleavage of the Benzene Ring, by Dr. W. C. Evans. 


To be held in the Chemistry Department, The University, Liverpool. 








MANCHESTER. 
Wednesday, November 9th, 1949. 


Symposium, Some Chemical Aspects of Atomic Energy, introduced by Dr. R. Spence. 





The following contributions will be made : 


Morning Session at 10.30 a.m. 
“The Place of the Transuranic Elements in the Periodic Table,”’ by J. S. 
Anderson. 


Afternoon Session at 2.30 p.m. 


“ Recent Developments in Fission Product Chemistry,” by G. B. Cook. 
“‘ Solution Chemistry of Uranium and Thorium,” by E. Glueckauf. 


Evening Session at 5.15 p.m. 
“ The Chemical Effects of Radiation,” by W. Wild. 
To be held in the Chemistry Department of the University, Manchester. 


Friday, December 2nd, 1949, at 6.15 p.m. 


Lecture, Some Studies of Oxidation—Reduction Reactions, by Professor M. G. Evans, 
D.Sc., F.R.S. 


Joint meeting with the Royal Institute of Chemistry and the Society of Chemical Industry 
to be held in the Lecture Theatre, Gas Show Rooms, Town Hall Extension, Manchester. 


NEWCASTLE AND DURHAM. 
Friday, November 25th, 1949, at 5 p.m. 


Meeting for the reading of original papers. 
To be held in the Chemistry Building, King’s College, Newcastle-on-Tyne. 


NORTH WALES. 
Thursday, November 10th, 1949, at 5.30 p.m. 


Lecture, A New Type of Aromatic Compound, by Professor Wilson Baker, M.A., 
D.Sc., F.R.S. 


Joint meeting with University College of North Wales Chemical Society to be held in the 
Department of Chemistry, University College of North Wales, Bangor. 


NOTTINGHAM. 
Thursday, November 10th, 1949, at 6.30 p.m. 


. Lecture, Organic Compounds of Fluorine, by Professor M. Stacey, D.Sc., F.R.L.C. 


Joint meeting with the University Chemical Society to be held in the Lecture Theatre, 
Department of Chemistry, The University, Nottingham. 


Thursday, December 1st, 1949, at 6.30 p.m. 


Meeting for the reading of original papers. 


Joint meeting with the University Chemical Society to be held in the Lecture Theatre, 
Department of Chemistry, The University, Nottingham. 




















OXFORD. 
Monday, November 21st, 1949, at 8.15 p.m. 


Alembic Club Lecture, Synthesis of Nucleotides, by Professor A. R. Todd, M.A. 
D.Sc., F.R.S. 


To be held in the Physical Chemistry Laboratory, Oxford. All Fellows are invited. 





SHEFFIELD. 
Thursday, November 3rd, 1949, at 5.30 p.m. 


Lecture, Some Aspects of the Organic Chemistry of Fluorine, by Dr. C. W. Suckling. 


Joint meeting with the University Chemical Society to be held in the Chemistry Lecture 
Theatre, The University, Sheffield. 





Thursday, December 1st, 1949, at 5.30 p.m. 


Lecture, Some Oxidations involving Free Radicals, by Dr. W. A. Waters, M.A., 
F.R.LC. 


Joint meeting with the University Chemical Society to be held in the Chemistry Lecture 
Theatre, The University, Sheffield. 





SOUTHAMPTON. 
Friday, November 25th, 1949, at 5 p.m. 


Lecture, Macro-molecular Studies with the Electron Microscope, by Professor W. T. 
Astbury, F.R.S. 


Joint meeting with the University College Chemical Society to be held in the Physics 
Department of University College, Southampton. ° 





SOUTH WALES. 
Friday, November 18th, 1949, at 5.30 p.m. 


Lecture, The Formation and Reactions of Free Radicals in Solution, by Professor 
M. G. Evans, D.Sc., F.R.S. 


Joint meeting with University College of Swansea Students’ Chemical Society to be held 
at University College, Swansea. 





Wednesday, November 30th, 1949, at 7 p.m. 


Lecture, Some Recent Advances in the Physical Chemistry of High Polymers, by 
Dr. G. Gee, M.Sc., A.R.I.C. 


To be held at University College, Cardiff. 








PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY 





OFFICIAL ANNOUNCEMENTS 
DEATHS. 


The Council regret to announce the deaths of the following Fellows : 


Elected. Died. 
James Colvin (Leeds) . 2nd, 1934. Sept. 5th, 1949. 
John Naish Goldsmith (S.W.1) . Ist, 1898. Aug. 26th, 1949. 
Wilfred Herman Hoffert (N.W.10) . 18th, 1941. Aug. Ist, 1949. 
Thomas Needham (N.W.6) . 7th, 1916. Feb. Ist, 1949. 


RESEARCH FUND. 


A meeting of the Research Fund Committee will be held in November next. All persons 
who have received grants, and whose accounts have not been declared closed by the 
Council, are informed that reports must be received by the Society not later than November 
Ist, 1949. 

Applications for grants, to be made on forms obtainable from the General Secretary, 
must be received on or before November Ist, 1949. Applications from Fellows will receive 
prior consideration. 

Attention is drawn to the fact that the income arising from the donation of the Worshipful 
Company of Goldsmiths is principally devoted to the encouragement of research in inorganic 
and metallurgical chemistry, and that the income from the Perkin Memorial Fund is to be 
applied to investigations relating to problems connected with the coal-tar and allied 
industries. 


ELECTION OF NEW FELLOWS. 


The following 40 candidates were elected Fellows of the Society on September 12th, 
1949 : 


Guy William Roberts Bartindale. Herbert Frederick Rance. 
Charles Percy Bean. Hosagrahar Gopal Rao. 
Aswini Kumar Bose. Geoffrey Ernest John Reynolds. 
Juliann Mackinnon Calder. Ingrid Geraldine Roe. 
Marguerite Vera Aveling Chapman. Glyn Roberts. 

Mrs. Ada Leung Chung. Kenneth Lansdale Robinson. 
Mrs. Dorothy Ada Collins. Cyril James Riley. 

David James Godfrey. Harold Lawrence Sargeant. 
Raymond Grasham. Ahmed el Sawi Shoukry. 
James Philip Hall. Derek Bernard Schaverien. 
Wai Haan Hui. William Whitelaw Snedden. 
Thiruvadi Visvanath Jagadish. Roderick Louis Stephens. 
Felix K. Maramba. Stanley Roy Stitch. 

George Herbert Martin. Josephine Margaret Thorp. 
Frederick Gordon Nash. Austin Ormonde Tucker. 
Arthur Charles Neish. Guy Savile Tucker. 

Geoffrey Pullan Pearson. Harry James Twitchett. 
Harry Keith Pindred. Wilson Monroe Whaley. 
William Geoffrey Potter. Hugh Arthur Baird Wilson, 
Noel Howard Poynton, Ping Chau Yu, 
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RAMSAY CHEMICAL DINNER. 


The Ramsay Chemical Dinner and Dance is to be held in Glasgow on Friday, 
December 2nd, 1949, at 6.45 p.m. Further particulars can be obtained from the Con- 
vener, Dr. Frank D. Gunstone, Chemistry Department, The University, Glasgow. 


ROYAL INSTITUTE OF CHEMISTRY—BEILBY MEMORIAL AWARDS. 


Awards are periodically made to British investigators in science from the Sir George 
Beilby Memorial Fund, which is administered on behalf of the Royal Institute of Chemistry, 
the Society of Chemical Industry, and the Institute of Metals. Preference is given to 
investigations relating to the special interests of Sir George Beilby, including problems 
connected with fuel economy, chemical engineering, and metallurgy, and awards are made, 
not on the result of any competition, but in recognition of continuous work of exceptional 
merit, bearing evidence of distinct advancement in science and practice. 

In general, awards are not applicable to workers of established repute, but are granted 
as an encouragement to younger men who have done original independent work of 
exceptional merit over a period of years. In recent years the amount of each award has 
commonly been 100 guineas. 

Consideration will be given to the making of an award or awards from the Fund early 
in 1950, and the administrators will therefore be glad to have their attention drawn to 
outstanding work of the nature indicated, not later than 31 December, 1949. 

All communications on this subject should be addressed to the Convener, Administrators 
of the Sir George Beilby Memorial Fund, Royal Institute of Chemistry, 30 Russell Square, 


London, W.C.1. 
BRITISH STANDARDS INSTITUTION. 


The following draft of British Standards Specification has been received for technical 
comment : : 


CK(ISE)5633—Draft on the Determination of Chromium in Ferro-Chromium. 


This has been placed in the Library, and Fellows wishing to make technical comment are 
requested to do so before December 7th, 1949, to the British Standards Institution, 24/28, 
Victoria Street, London, S.W.1. 
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LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objections to the election of these candidates should communicate with the 
Honorary Secretaries within ten days of the date of publication of the Journal for September, 1949. Such 
objections will be treated as confidential. The forms of application are available in the Library.) 


Berry, Philip Alan, M.Sc. (Adelaide). British. c/o Felton Grimwade & Duerdins Pty., Ltd., 335—343 
Spencer Street, Melbourne C. 1, Victoria. Works Director. Signed by: W. R. Grimwade, T. F. 
West, V. G. Anderson. 

Billimoria, Jimmy Daddy, M.Sc. (Bombay), Ph.D. (Lond.), D.I.C. Indian. 47, Phillimore Gardens, 
Kensington, W. 8. Demonstrator, Imperial College. Signed by : A. H. Cook, B. C. L. Weedon, 
J. A. Elvidge. 

Downing, Eric, B.Sc. and Ph.D. (Lond.), A.R.I.C. British. c/o Chr. Salvevesen and Co., 29, Bernard 
Street, Leith, Edinburgh. Chief Chemist. Signed by : Brynmor Jones, Wilfred B. Orr, C. Cobbett 
Barker. 

*Fyfe, William Sefton, M.Sc. (Otago). British. Chemistry Department, University of Otago, Dunedin. 
Assistant Lecturer. Signed by : F. G. Soper, S. N. Slater, Geo. C. Israel. 

Green, Thomas Edward, B.Sc. and M.A. (Oxon.). British. 158, Shinfield Road, Reading. Lecturer, 
Acton Technical College. Signed by: J. H. Skellon, E. G. Cowley, L. P. McHatton. 

“Harvey, George Norton, B.Sc. (Lond.).. British. 100, Atkins Road, Clapham Park, S.W.12. Signed 

E. D. Hughes, J. B. Rose, J. H. Ridd. 

*Heathfield, Arthur Charles Legros. British. 195, Marlborough Road, Gillingham. Laboratory 
Assistant. Signed by: R. Castle, P. F. Holt, C. L. Arcus. 

Hudson, William, B.Sc. (Lond.), A.R.I.C. British. 37, Crescent Rise, Wood Green, N. 22. Chemist. 
‘Signed by : A. A. Evans, J. Alan Emlyn, A. Cohen. 

Kitteringham, George Reymond, B.Sc. (Lond.), Ph.C. British. Stanstead Abbots, Ware. Editorial 
Assistant. Signed by : H. N. Rydon, F. C. Denston, V. M. Ingram. 

*Machin, Bryan, B.Sc. (L’pool). British. 15, Romwood Avenue, Swinton, nr. Mexboro. H.M. Forces. 
Signed by : Ben R. Brown, J. E. Saxton, A. S. Bailey. 

*McKee, Robert Smith, B.Sc. (Glas.), A.R.I.C. British. 12, Claremont Crescent, Kilwinning. Works 
Chemist. Signed by : E. Lloyd Jones, J. J. Gallagher, John R. Campbell. 

*Maguire, Mary Helen, B.Sc. (Sydney). British. Flat 3, 213, Raglan Street, Balmoral, Sydney, N.S.W. 
Chemist, Carpet Manufacturers. Signed by : R. J. W. Le Févre, K. G. Neill, T. Iredale. 

Sonnenschein, Ilja Daniel, B.Sc.(Birm.). British. Department of Biochemistry, King’s College, Strand, 
W.C.2. Postgraduate student. Signed by : W. Robson, S. Nechvatal, A. Ashdown. 

*Todd, Colin MacDonald, B.Sc. (N.Z.). British. Biochemistry Dept., Medical School, King Street, 
Dunedin. Junior Lecturer. Signed by : F. G. Soper, G. M. Richardson, S. N. Slater. 

Trenwith, Antony Bruce, A.R.C.S. British. ‘ Lancaster,’ Croft Road, Sutton. Postgraduate student. 
Signed by : B. Atkinson, J. F. Herringshaw, F. C. Tompkin. 

Ward, Alan Gordon, M.A. (Cantab.), F.Inst.P. British. The British Gelatine and Glue Research 
Association, 2/4, Dalmeny Avenue, Holloway, N.7. Director of Research. Signed by: G.W.V. 
Stark, F. M. Lea, D. G. R. Bonnell. 

*Wilkins, Ralph George, B.Sc. (Lond.). British. 187, Northumberland Road,Southampton. Research 
Student, University College, Southampton. Signed by : K. R. Webb, A. R. Burkin, E. Cartmell. 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 


Bernstein, Herbert Irving, B.A. (Swarthmore), M.S. and Ph.D. (Penna.). American. Weizmann 
Institute of Science, Rehovoth. Chemist. Signed by : Ernst Bergmann, H. J. E. Loewenthal. 

*Chandra, Debabrata, B.Sc. (Calcutta). Bengalee. 11, Brindabau Mullick Lane, Calcutta 9. Student. 
Signed by : A. K. Roy. 

Ginsburg, David, B.Sc. and Ph.D. (N.Y.), M.A. (Columbia). American. Daniel Sieff Research Institute, 
Weizmann Institute of Science, Rehovoth. Research Chemist. Signed by: Ernst Bergmann, 
H. J. E. Loewenthal. 

Gips, Walter Siegfried. Stateless (British naturalisation pending). P.O. Box 103, Ndola, N. Rhodesia. 
Analyst and Consultant. Signed by : R. K. Williams. 

Meltzer, Daniel, B.Sc. (Capetown), A.R.I.C. South African. 30, Pieter Wenning Street, Roosevelt 
Park, Johannesburg. Chief Chemist, New Clifton Manufacturing Co. Signed by: S. E. Wilson, 
G. Six. 

Wilder, Pelham, jun., M.A. (Emory), M.A. and Ph.D. (Harvard). American. Dept. of Chemistry, 
Duke University, Durham, North Carolina. Instructor, Duke University. Signed by : Leonard B. 
Spector. 


* Reduced annual subscription. 
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PAPERS RECEIVED 
(List of papers received between August 9th and September 12th, 1949.) 


“An improved method of preparation of some aromatic disulphides.”” By L. BAUER and 
J. CYMERMAN. 

“ The solvent effect on the dipole moment of aniline.” By A. V. Few and J. W. Smitn. 

“Quaternary ammonium salts. Part I. A new method for the preparation of p-sub- 
stituted alkoxy-, cycloalkoxy-, aralkoxy-, aryloxy-, and alkylthio-benzophenones.” 
By WapiE Tapros and ALBERT LATIF. 

“ Syntheses of certain thiazolopyrimidines.” By P. J. HEALD and T. K. WALKER. 

“The organic compounds of gold. Part XIII. Some dialkylgold compounds containing 
phosphorus and arsenic.” By M. E. Foss and C. S. GIBson. 

“A study of the action of bromine on the silver salts of organic acids.” By J. W. H. 
OLDHAM. 

“Studies on trifluoroacetic acid. Part I. Trifluoroacetic anhydride as a promotor of 
ester formation between hydroxy-compounds and carboxylic acids.” By E. J. 
Bourne, M. Stacey, J. C. TATLow, and J. M. TEDDER. 

“The chemistry of ribose and its derivatives. Part II. The constitution of anhydro- 
D-ribose.’”” By G. R. BARKER and M. V. Lock. 

“Olefin co-ordination compounds. Part I. Discussion of proposed structures. The 
system ethylene-trimethylborine.” By J. CHATT. 

“Sulphonamides. Part III. Sulphanilamido-carboxyamides as intestinal antiseptics; 
the influence of pK, and hydrogen-bonding capacity.” By JoHNn H. Gorvin. 

“‘ Preparation of N-bromosuccinimide by an electrolytic process.” By M. LAMCHEN. 

“ Preparation of N-acetyl-N-methylurea by an electrolytic process.’”” By M. LAMCHEN. 

‘““ The manganohalides of pyridine.” By W. S. Fyfe. 

“ The preparation of some aminonaphthol derivatives.” By FREDERICK KURZER. 

“ The constitution of complex metallic salts. Part XIV. The action of trialkyl-phosphines 
and -arsines on the tetrahalides of tin and uranium.” By JouN A. C. ALLISON and 
FREDERICK G. MANN. 

“ The fluorination of trimethylamine.” By J. THompson and H. J. EMELEvs. 

“Studies on the fluorides of molybdenum and vanadium.” By H. J. EMELEus and V. 
Gutmann. 


“The automatic recording of freezing-point curves.” By E. F. G. Herington and R. 
HANDLEY. 

“Electrolytic dissociation processes. Part VI. The dielectric polarisation of iodo- 
cyanogen and the ionisation of the cyanogen halides.” By FRED FAIRBROTHER. 

“ Studies in the polyene series. Part XXXIV. The synthesis of a C,, alcohol related to 
vitamin A.” By G. W. H. Cheeseman, Str [An HEILBRON, E. R. H. JONEs, and 
B. C. L. WEEDON. 

“ Studies in the polyene series. Part XXXV. A new method for the synthesis of some 
acetylenic acids related to vitamin A.” By J. B. Toocoop and B. C. L. WEEDON. 

“The structure of diallyl disulphide.” By FREDERICK CHALLENGER and DouGLas 
GREENWOOD. 

“Synthesis of fluoranthenes. Part III. Cyclisation of arylbutadienes. Syntheses of 
1: 3-dimethyl- and 1:2: 3-trimethyl-naphthalene.” By S. Horwoop TUCKER, 
(Miss) MARGARET WHALLEY, and (in part) JAMES FORREST. 

“ The removal of terminal groups from peptides.” By A. L. Levy. 

“The preparation and reactivity of some 2-methylsulphonylbenzazoles.” By Eric 
HOGGARTH. 

“‘ m-Nitroperinaphthindane-1 : 2: 3-trione. Some reactions of its hydrate.” By Rap- 
WAN MouBASHER and ALY SINA. 


“The Diels-Alder reaction. Part I. Molecular-orbital treatment for conjugated hydro- 
carbons.” By R. D. Brown. 
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“The constitution of chlorophorin, a constituent of Iroko, the timber of Chlorophora 
excelsa. PartlI.” By F, E. Kine and M. F. Grunpon. 

“ Antitubercular substances. Part III. N-Aryl-p-alkoxybenzamidines.” By M. W. 
PARTRIDGE. 

“The structure of Sterculia setigera gum. Part I. An investigation by the method of 
paper partition chromatography of the products of hydrolysis of the gum.” By 
E. L. Hirst, L. Houcu, and J. K. N. JONngEs. 

“ The constitution of conessine. Part II.” By RoBert D. HAwortu, JAMES MCKENNA, 
and GORDON H. WHITFIELD. 

“ The constitution and properties of a conjugated diene acid present in stillingia oil.”’”’ By 
A. CrossLey and T. P. HILDITCH. : 

“ Derivatives of 7-hydroxy-2-methylchromone.” By J. S. H. Davies and W. L. Norris. 

“Cherry gum. Part III. An examination of the products of hydrolysis of methylated 
degraded cherry gum, using the method of paper partition chromatography.” By 
J. K. N. JONEs. 

“ Curare alkaloids. Part X. Some alkaloids of Sirychnos toxifera Rob. Schomb.” By 
HAROLD KING. 

“A new synthesis of glutamine and of y-dipeptides of glutamic acid from phthalylated 
intermediates.” By F. E. Kine and D. A. A. Kipp. 

“ The nature of a cyclitol isolated from Macrozamia riedlei.” By N. V. RicGs. 

“ The crystal structures of the acid salts of some monobasic acids. Part I. Potassium 
hydrogen phenylacetate.”” By J. C. SPEAKMAN. 

“Chemotherapeutic diamidines: the sulphur analogue of 4: 4’-diamidinostilbene.” By 
BAUER and J. CYMERMAN. 

“ The low-temperature polymerisation of isobutene.” Part II. By P. H. PLescu. 

“The separation of mixtures of solutes by distribution between solvents. Part I. The 
separation of a fixed quantity of a mixture by a continuous counter-current extraction 
process.”’ By J. D. A. JOHNSON and A. TALBOT. , 

“ Derivatives of oxazolid-2:4-dione. Part I. The alkylation of 5 : 5-dimethyloxazolid- 
2:4-dione.” By J.S. H. Davies and W. H. Hook. 

“ Derivatives of oxazolid-2:4-dione. Part II. O- and N-alkylation of 5-substituted 
oxazolid-2 : 4-diones.”” By J. S. H. Davies, M. E. H. FitzGeRatp, and W. H. 
Hook. 

“ Derivatives of oxazolid-2:4-dione. Part III. The alkylation of 2-thionoxazolid- 
4-ones.” By J.S.H. Davies, W. H. Hook, and F. Lone. 

“ Partial asymmetric synthesis in a Reformatsky reaction.’”” By JoAN A. REID and E. E. 
TURNER. 

“ The relation between chloric oxide and dichlorine hexoxide.”” By Z. SzaBo. 

“ The synthesis of amidinium salts.” By C. C. Raison. 

“ Studies on the structure ofemetine. Part IV. Elucidation of the structure of emetine.” 
By A. R. BATTEerRsBy and H. T. OPENSHAW. 

“ Purpurogallin. Part II. Synthesis of purpurogallone.”” By R. D. Haworth, B. P. 
Moore, and P. L. PAuson. 

“The Fischer indole synthesis. Part III. The cyclisation of the phenylhydrazones of 
some 2-substituted cyclohexanones.” By K. H. PAUSACKER. 

“Estimation of a-amino-acids with m-nitroperinaphthindane-l : 2: 3-trione hydrate.” 
by R. MouBASHER and W. I. Awan. 

“Researches on acetylenic compounds. Part XXII. The reaction between nickel 
carbonyl and monosubstituted acetylenic compounds.” By E. R. H. Jongs, T. Y. 
SHEN, and M. C. WHITING. 

“ Researches on acetylenic compounds. Part XXIII. The preparation and properties 
of a8-acetylenic y-keto-esters.” By E.R. H. Jones, T. Y. SHEN, and M. C. WHITING. 

“Some 1: 7- and 1: 2: 7-derivatives of naphthalene.” By H. H. Hopcson and R. E. 
DEAN. 

“Some derivatives of 5-nitro-2-naphthylamine with a note on its preparation.” By H. H. 
Hopecson and R. E. DEAN. 
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“The bromination of 6-nitro-l-naphthylamine.”’ 
“‘ An interpretation of the Sandmeyer reaction. 


By H. H. Hopcson and R. E. Dean. 
Part X. A re-affirmation of the mechan- 


ism involving anionoid halogen.”” By H. H. HopcGson. 


“‘ The structure of the alleged cis-azobenzene.”’ 
“‘ The condensation of aliphatic diketones with hex-l-yne.”’ 
“‘ The dielectric polarisation of gaseous sulphur dioxide.” 


Ross, and B. M. SMYTHE. 
“ Sulphur dioxide. 
with the true value as a gas.” 


“ The dielectric polarisations of liquid, dissolved, and gaseous paraldehyde.”’ 
Le Févre, (Miss) J. N. MULLEY, and B. M. SMYTHE. 

“‘The apparent polarisations of paraldehyde in non-polar solvents measured at 10 and 

By R. J. W. Le FEvre and (Miss) J. W. MULLEY. 


25 cm.” 


By H. H. Hopcson. 
By J. CYMERMAN. 
By R. J. W. Le Fevrg, I. G. 


Its apparent dipole moment as a solute and as a pure liquid compared 
By R. J. W. Le FEvre and I. G. Ross. 


By R. J. W. 





ADDITIONS TO THE LIBRARY 


I. Donations 


Everett, M. R., and SHEPPARD, F. Oxid- 
ation of carbohydrates; keturonic acids; salt 
catalysis. Studies from the Biochemical 
Laboratories of the University of Oklahoma 
School of Medicine. Oklahoma City 1944. 
pp. [vi] + 111. ill. University of Oklahoma 
Medical School, Department of Biochemistry. 
(Recd. 6/9/49.) 

From Professor M. R. Everett. 

Hoare, W. E. Hot-tinning: practical 
instructions for hot-dip tinning fabricated 
articles and components. Greenford 1948. 
pp. 112. ill. (Recd. 25/8/49.) 

From the Tin Research Institute. 

LARDEREL, Francois, Comte de. Album des 
diverses localités formant les établissemens 
industriels d’acide boracique, fondés en 
Toscane (1818). Paris [1853?] 22 plates 
and 1 portrait. 

MINISTRY OF MUNITIONS OF WaR. 
Factory, Gretna: description of plant and 
process. Dumfries [1919]. pp. x + 218. ill. 
(Reference.) From Miss J. E. S. Robertson. 

SpaLtton, L. M. Pharmaceutical emulsions 
and emulsifying agents. London [1949]. pp. 
viii + 132. ill. (Recd. 12/8/49.) 

From the Publishers: Chemist and Druggist. 

UNITED StaTEs. Department of the Atr Force, 
Air Materiel Command. AF Technical Re- 
port No. 5669. Handbook of radioactivity 
and tracer methodology. By W. Siri. Day- 
ton 1948. pp. 867. ill. (Reference.) 

From the Board of Trade, Technical Inform- 
ation and Documents Division. 

UNITED States. Department of the Interior, 
Bureau of Mines. Minerals yearbook 1946. 
Prepared under the direction of E. W. 
PEHRSON. Edited by A. F. MATTHEWS. 
Washington 1948. pp. viii + 1629. ill. 
(Reference.) From the Bureau of Abstracts. 


mM. Mi. 


II. By Purchase 


ANDREws, G. W. S. 
Penicillin and other antibiotics. 
1949. pp. 160. ill. Todd. 7s. 6d. 
30/8/49.) 

Burpon, R. S. Surface tension and the 
spreading of liquids. 2nd edition. (Cam- 
bridge Monographs on Physics.) Cambridge 
1949. pp. xiv+ 92. ill. Cambridge Uni- 
versity Press. 12s. 6d. (Recd. 9/9/49.) 

VorctT.itn, C., and Hopce, H.C. Pharma- 
cology and toxicology of uranium compounds, 
with a section on the pharmacology and toxi- 
cology of fluorine and hydrogen fluoride. 
2 vols. New York 1949. pp. xviii + 524: 
iv + 525 to 1084. ill. McGraw. $10.00. 
(Recd. 22/8/49.) 


III. Pamphlets 


AMERICAN CHEMICAL Society. Films on 
chemical subjects. Washington, D.C. 1949. 
pp. 64. 

DominGuEz RopricvuEz, J. Estudio sobre el 
aceite de cornezuelo. Santiago de Com- 
postela 1948. pp. 77. 

DyNnaAMIT NoBEL ACTIEN-GESELLSCHAFT. 
Das Dynamit und seine culturhistorische und 
technische Bedeutung. Eine Denkschrift an- 
lasslich der Ungarischen Milleniums-Ausstel- 
lung 1896. Wien 1896. pp. 50. 

Hopcxinson, W. R. Notes on explosives. 
London [1891]. pp. 34. 

Littie, A.D. Inc. A selected bibliography 
on the industrial uses of radioactive materials. 
Cambridge, Mass. 1949. pp. v + 13. 

PuirmmmeErR, R. H. A. The history of the 
Biochemical Society. Cambridge 1949. pp. 
24. ill. 

Voxss, F. C. The future sewage-disposal 
works of the Birmingham Tame and Rea 
District Drainage Board : a forecast. London 
1947. pp. 10. 


and MILLER, J. 
London 
(Recd. 





October, 1949. 


THE CHEMICAL SOCIETY 





SCIENTIFIC MEETINGS DURING DECEMBER, 1949, AND JANUARY, 1950. 


LONDON. 
Thursday, December 15th, 1949, at 7.15 p.m. 





The following papers will be read and discussed : 


““Some Physico-chemical Properties of Acridine Antimalarials with reference to 
their Biological Action.””’ By D. Ll. Hammick and S. F. Mason. 

“The Properties of Freshly Formed Surfaces. Parts XI—XIV.” By C. C. 
Addison and S. K. Hutchinson. 


To be held at Burlington House, W.1. 
Abstracts of the papers may be obtained from the General Secretary. 


Thursday, January 19th, 1950, at 7.15 p.m. 





Tilden Lecture, Studies on Electron-transfer Reactions, by Professor M. G. Evans, 
D.Sc., F.R.S. 


To be held at the Royal Institution, Albemarle Street, W.1. 


ABERDEEN. 
Monday, December 12th, 1949, at 7.30 p.m. 


Lecture, Some Recent Advances in the Chemistry of Fluorine Compounds, by Pro- 
fessor H. J. Emeléus, M.A., D.Sc., F.R.S. 


Joint meeting with the Royal Institute of Chemistry and the Society of Chemical Industry 
to be held in the Chemistry Department, Marischal College, Aberdeen. 





BIRMINGHAM. 
Friday, December 2nd, 1949, at 6.30 p.m. 


Lecture, Chemical Constitution and Biological Activity, by Dr. W. A. Sexton, 
F.R.L.C. 


Joint meeting with the University Chemical Society to be held in the English Lecture 
Theatre, The University, Birmingham. 





Friday, January 20th, 1950, at 4.30 p.m. 


Lecture, The Separation and Determination of the Sugars and their Derivatives, 
by Dr. J. K. N. Jones, M.Sc., A.R.I.C. 


Joint meeting with the University Chemical Society to be held in the Main Chemistry 
Lecture Theatre, The University, Birmingham. 





EIRE. 
Wednesday, January 11th, 1950, at 7.45 p.m. 


Lecture, Some Problems in the Chemistry of Vitamin D, by Professor E. R. H. 
Jones, D.Sc., F.R.L.C. 


To be held in the Department of Chemistry, University College, Dublin. 








EXETER. 
Friday, December 2nd, 1949, at 5 p.m. 


Lecture by Professor W. E. Garner, C.B.E., D.Sc., F.R.S. 


Joint meeting with University College of Exeter Scientific Society to be held in the 
Washington Singer Laboratories, Prince of Wales Road, Exeter. 





GLASGOW. 
Friday, January 27th, 1950, at 7.15 p.m. 
Lecture, Recent Advances in the Chemistry of the Steroids, by Professor F. S. Spring, 


D.Sc., F.R.I.C. 
To be held at the Royal Technical College, Glasgow. 





HULL. 
Thursday, January 19th, 1950, at 6 p.m. 
Lecture, Modern Trends in Stereochemistry, by Professor E. E. Turner, M.A., D.Sc., 
F.R.S. 


Joint meeting with University College Scientific Society to be held in the Science Lecture 
Theatre, University College, Hull. 





LEEDS. 
Monday, January 30th, 1950, at 6.30 p.m. 
Lecture, The Basis of Chemotherapeutic Research, by Dr. F. L. Rose, O.B.E., 


F.R.L.C. : 
To be held in the Chemistry Lecture Theatre, The University, Leeds. 





LIVERPOOL. 
Thursday, December 15th, 1949, at 4.30 p.m. 


Lecture, The Biological Oxidation of certain Aromatic Compounds with special 
reference to the Bacterial Cleavage of the Benzene Ring, by Dr. W. Charles 
Evans. 

To be held in the Lecture Theatre of the Chemistry Department, The University, Liverpool. 





MANCHESTER. 
Friday, December 2nd, 1949, at 6.15 p.m. 


Lecture, Some Studies of Oxidation—Reduction Reactions, by Professor M. G. Evans, 
D.Sc., F.R.S. 


Joint meeting with the Royal Institute of Ch try and the Society of Chemical Industry, 
to be held in the Lecture Theatre, Gas Show », Town Hall Extension, Manchester. 





Thursday, January 19th, 1950, at 6.30 p.m. 


Lecture, Localised and Non-localised Bonds, by Professor C. A. Coulson, M.A., D.Sc. 


Joint meeting with the Royal Institute of Chemistry and the Society of Chemical Industry, 
to be held in the Chemistry Department of the University, Manchester. 





NORTHERN IRELAND. 
Friday, January 20th, 1950, at 7.30 p.m. 


Lecture, Chemical Education, by Mr. J. McG. Jackson, B.Sc., F.R.I.C. 


Joint meeting with the Royal Institute of Chemistry and the Society of Chemical Industry 
to be held in the Royal Academical Institution, Belfast. 








NOTTINGHAM. 
Thursday, December 1st, 1949, at 6.30 p.m. 


Meeting for the reading of original papers. 


Joint meeting with the University Chemical Society, to be held in the Lecture Theatre 
Department of Chemistry, The University, Nottingham. 





ST. ANDREWS and DUNDEE. 
Thursday, January 12th, 1950, at 5 p.m. 


Lecture, Keto—Enol Equilibrium, by Mr. R. P. Bell, M.A., F.R.S. 
To be held in the Chemistry Department, University College, Dundee. 





SHEFFIELD. 
Thursday, December \st, 1949, at 5.30 p.m. 


Lecture, Some Oxidations involving Free Radicals, by Dr. W. A. Waters, M.A., 
Sc.D., F.R.LC. 


Joint meeting with the University Chemical Society, to be held in the Chemistry Lecture 
Theatre, The University, Sheffield. 





Meeting Postponed. 


The lecture by Professor Wilson Baker which was to have been given at Bangor on 
November 10th, 1949, has been postponed to November 24th, 1949. 





PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY 





OFFICIAL ANNOUNCEMENTS 
LIST OF FELLOWS. 


Fellows are reminded that the List of Fellows of the Society, corrected to the end of 
1948, is available from the General Secretary at 2s. 6d. per copy. 


COST OF PUBLICATION. 


The Council regrets to announce that the schedule price of certain publications will 
have to be increased in 1950. The following prices are incorporated in the Subscription 
Renewal Notice which is now being circulated to Fellows : 


The Journal ... 

Annual Reports for 1949 (published 1950) 

Quarterly Reviews ° ses 
Reprints of Lectures (from the Journal for 1950) ee - 
Abstracts AI—General Physical and Inorganic Chemistry 
Abstracts All—Organic Chemistry ... 

Abstracts AllI—Physiology, Biochemistry, Anatomy 


Index—A bstracts, A, B, and C combined (free to Fellows aS any ‘section 
of Abstracts A) 


noe 

— — 
oman 
cocooaao® 


m C100 OO OO Or 


Abstracts Al—(printed or on one ‘side of the paper) on 

Abstracts AlI—(printed on one side of the paper) ... 

Abstracts AIII—(printed on one side of the paper) 

Abstracts C (Analysis and Apparatus) “ . 
Index—A bstracts C (free to Fellows receiving “Abstracts C only) ee 
Abstracts C—(printed on one side of the paper) 


woe 
— 
coocoooooo 


— 


It had been hoped that after the increase in the Annual Subscription from £3 to £3 10s. 
and the revision in 1948 of the schedule prices, the financial future of the Society was 
assured. However, costs have continued to rise to a present amount of more than {7 for 
every printed page, and, in addition, the number of papers accepted for publication is 
steadily growing and it must be accepted that the Journal has permanently increased in 
size. The Council is gratified to note this increase in publication and the high esteem in 
which the Journal continues to be held by chemists throughout the world. 

The Council is, however, seriously perturbed by the financial problems which the 
increase inevitably raises, and it recognises that there is a limit to the amount which the 
individual Fellow can be asked to pay for his publications. Industry which, through the 
Chemical Council, has generously contributed towards the cost of publications will shortly 
be asked to augment its support. Nevertheless, the Council is agreed that part of this 
increased cost must be borne directly by Fellows of the Society. 

In fixing the new prices the Council has expressed its confidence that substantial aid 
will be forthcoming through the efforts of the Chemical Council. Thus, whereas the new 
schedule prices of the Journal is 40s., for this year the actual cost to the Society will 
amount to about 70s. for every copy printed. 

In order that the increase in price should fall less heavily upon the younger members 
paying the reduced subscription, 10s. has been added to the value of the publications 
which they may receive without further payment. 
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The circumstances which the Society has to face in this matter apply equaily to the 
Bureau of Abstracts. The Council recognises that priority should be given to the pub- 
lication of the Journal, the Annual Reports, and the Quarterly Reviews, and regrets that the 
annual contribution to the Bureau of Abstracts cannot be increased so long as there is a 
large deficit in the Society’s accounts. The Council is sure that the appeal to Industry, 
through the Chemical Council, will receive a generous response which will make it possible 
to maintain and even to improve the publications with which the Society is concerned. 
It is sure that Fellows of the Society will accept the additional charges and continue to 
support the Society by subscribing in the future to the full range of publications which 
they have received in the past. 





LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objections to the election of these candidates should communicate with the 
Honorary Secretaries within ten days of the date of publication of the Journal for October, 1949. Such 
objections will be treated as confidential. The forms of application are available in the Library.) 


Angus, Arthur Billing, M.Sc. (Q.U.B.), M.P.S. British. 45, Bridge Road, Grays. Lecturer, S.E. 
Essex Technical College. Signed by : D. B. Powell, R. F. Greenwood, P. A. Claret. 

*Butler, John Dennis. British. 66, Lyndhurst Gardens, Finchley, N.3. Student. Signed by: 
J. Kenyon, C. L. Arcus, A. Houston. 

Cartwright, Josephine Natalie. British. No. 3, Officer’s Quarters, Chattenden Barracks, nr. Strood. 
Director of “‘ Engineering and Metallurgical Services (London) Ltd.” Signed by : H. I. Stonehill, 
W. F. Bennett, F. Tweedie. 

Comber, Denis Michael. British. 2, Westholme Road, Withington, Manchester 20. Technical 
Assistant. Signed by : N. Burrows, J. Logan, Ronald Gill. 

*Davidson, Alexander Latimer, B.Sc. (Glas.), A.R.T.C. British. 26, Deanston Drive, Shawlands, 
Glasgow, S.1. Student Demonstrator, Royal Technical College, Glasgow. Signed by : O. C. Mus- 
grave, Geoffrey T. Newbold, H. G. A. Anderson. 

*Davies, Austen Emlyn, A.R.C.S. British. 52, Ringford Road, West Hill, S.W.18. Research Student, 
Royal College of Science. Signed by : H. V. A. Briscoe, J. O’M. Bockris, J. A. Kitchener. 

Davies, Michael Trevor, B.Sc. (Lond.). British. 44, Marshes Drive, St. Albans. Research Chemist. 
Signed by : V. Petrow, O. Stephenson, P. Mamalis. 

Dawson, John Owen, B.Sc. (Glas.), Ph.C. British. c/o Mersons (Sutures) Ltd., Bankhead Avenue, 
Sighthill, Edinburgh 11. Technical Manager. Signed by : Eldred J. Holder, Hugh B. Nisbet, 
C. H. Giles. 

*Durant, John Albert, B.Sc. (Lond.). British. 38, Goldsmith Avenue, Southsea. Lecturer, Ports- 
mouth Municipal College. Signed by : C. G. Lyons, J. M. Wilson, C. M. Bere, G. E. Gale. 

*Freeman, Dennis Brian. British. 181, Holland Road, Willesden, N.W.10. Student. Signed by: 
J. Kenyon, C. L. Arcus, A. Houston. 

Robert Arthur. British. 168, Chessels Street, Bristol 3. Student. Signed by: F. H. Pollard, 
W. E. Garner, G. E. Coates. 

Johnston, Robert, B.Sc. (Edin.). British. 34, Prince Regent Street, Edinburgh 6. Senior Scientific 
Officer, Marine Laboratory, Scottish Home Department. Signed by: E. G. V. Percival, R. A. 
Laidlaw, E. L. Hirst, I. C. MacWilliam. 

*King, David Thomas. British. 12, Leamington Avenue, Morden. Student. Signed by : J. Kenyon 
J. W. Smith, C. L. Arcus. 

Long, Mark. British. Hazeldene, East End Green, nr. Hertford. Research Assistant, Northern 
Polytechnic. Signed by : G. W. Winsor, J. N. Davies, O. Owen. 

Mehta, Minoo Dossabhoy, M.Sc. (Bombay). Indian. 47, Phillimore Gardens, W.8. Research Student, 
Imperial College. Signed by : A. H. Cook, J. A. Elvidge, B. C. L. Weedon. 

Muggleton, David Fisher, B.Sc. (Lond.). British. 224, Murchison Road, Leyton, E.10. Research 
Student, Queen Mary College. Signed by : J. R. Partington, C. M. French, Norman Lindop. 
*Payne, Derek, B.Sc. (Lond.), A.R.C.S. British. 114, Hazelwood Lane, PalmersGreen,N.13. Student. 

Signed by : David J. Little, E. C. Apley, M. R. Porter. 

*Peacock, Donald George. British. 280, Clayhall Avenue, Ilford. Student. Signed by: H. Holness, 
G. Mattock, R. A. Tingey, M. R. Porter. 

Sadler, Peter William. British. 27, Bisenden Road, East Croydon. Student. Signed by: J. A. 
Stock, J. D. Bower, C. G. Lyons. 

*Shorrock, Kenneth, B.Sc. (Lond.). British. 51, Higher Eanam, Blackburn. Signed by : A. Walton, 
J. E. Wynfield Rhodes, V. G. Jolly. 

ivagangay, M.Sc. (Mysore). Indian. Organic Chemistry Department, Imperial College of 
Science and Technology, S.W.7. Student. Signed by: H. N. Rydon, R. P. Linstead, J. A. 
Elvidge. 
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*Stannard, Brian William, B.Sc. (Lond.). British. 130, Endlebury Road, Chingford, E.4. Student. 
Signed by : H. Holness, M. R. Porter, E. C. Apling, M. A. Crook. 

Sunner, Stig Arne, D.Phil. (Lund). Swedish. Kemiska Institutionen, Lund, Sweden. Lecturer, 
University of Lund. Signed by : B. Lythgoe, A. W. Johnson, S. F. MacDonald. 

*Sutton, Harry Callender, M.Sc. (N.Z.). British. c/o Londonderry Laboratory for Radiochemistry, 
South Road, Durham. Research Student. Signed by : G. R. Martin, R. W. Durham, J. Golden. 

*Tayler, Frederick Maurice, B.Sc. (Birm.). British. 11, Park Hill Road, Harborne, Birmingham 17. 
Research Student. Signed by : M. Stacey, S. R. Carter, B. H. Newman. 

*Tulloch, Alexander Patrick, B.Sc. (Glas.). British. 65, Grenville Drive, Cambuslang. H.M. Forces. 
Signed by : Charles Buchanan, S. Horwood Tucker, David T. Gibson. 

*Wadman, William Hughes, B.Sc. (Bristol). British. 14, St. Ronans Avenue, Redland, Bristol 6. 
Research Chemist. Signed by : Leslie Hough, J. K. N. Jones, H. Baker. 

*Wickham-Jones, Charles, B.A. (Oxon.). British. 130, Morrell Avenue, Oxford. Research Student. 
Signed by : W. A. Waters, D. C. Munro, S. L. Cosgrove. 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 


Aston, Morrell Kenneth, B.Sc. and B.A. (Adelaide). British. Melbourne Road, Ballarat, Victoria. 
Lecturer, Ballarat School of Mines. Signed by : J. R. Pound, V. G. Anderson. 

Harris, Elbert Everett, B.S. (Wagner College), A.M. (Columbia). American. 128, West 11 Street, 
New York, 11, N.Y. Graduate Student. Signed by : David Y. Curtin, Peter I. Pollak. 

Scholl, Allen W. B.Sc. (Ashland College), M.S. and Ph.D. (Pennsylvania State College). American. 
669, South Terrace, Beverly Hills, Huntington, 3, West Virginia. Professor of Chemistry, Marshall 
College. Signed by : Friend E. Clark. 

Seymour, Raymond B. M.S. (University of New Hampshire), Ph.D. (State University of Iowa). 
American. Mertztown, Pennsylvania. Technical Director, Atlas Mineral Products Co., Mertz- 
town, Penn. Signed by : David T. Mowry. 

Simek, Bratislavy G. Dr.Tech. (Prague). Czech. 94, Rokoska, Prague VIII. Director of the Coal 
Research Institute, Prague. Signed by : Jaroslav Heyrovsky. 

Stone, John Ernest, B.Sc. and Ph.D. (Lond.). British. 1308, Melrose Avenue, Saskatoon, Saskatche- 
wan. Research Chemist. Signed by: D.C. Lloyd, R. S. Jones. 

Wolf, Alfred Peter, M.A. (Columbia). American. 603, Academy Street, New York City (34), New 
York. Research Student. Signed by: David Y. Curtin. 

*Young, Richard William, A.M. (Dartmouth College). American. 64—20, 65th Place, Middle Village, 
Long Island, New York. Research Student. Signed by : David Y. Curtin. 


* Reduced annual subscription. 





PAPERS RECEIVED 
(List of papers received between September 13th and October 7th, 1949.) 


“The nitrous acid deamination of glycine. The chemistry underlying the van Slyke 
determination of «-amino-acids.”” By A. T. AUSTIN. 

“ The synthesis of thyroxine and related substances. Part V. A synthesis of L-thyroxine 
from L-tyrosine.” By J. R. Coatmers, G. T. Dickson, J. ELkKs, and B. A. Hens. 

“The application of the modified Gattermann reaction to methyl and ethyl orsellinate.”’ 
By W. B. WHALLEY. 

“‘ Potential trypanocides of the N-heterocyclic series. Part II. Analogues of Dimidium 
bromide.’’ By L. P. WALLS and N. WHITTAKER. 

“An infra-red spectroscopic investigation of double-bond structure in simple acyclic 
terpenes and derivatives.”” By D. BARNARD, L. BATEMAN, A. J. HARDING, H. P. 
Kocu, N. SHEPPARD, and G. B. B. M. SUTHERLAND. 

“Experiments relating to the synthesis of homogeranic acid.” By D. BARNARD and 
L. BATEMAN. 

“Some reactions of geranylmagnesium chloride.” By D. BARNARD and L. BATEMAN. 

“The reaction of hexa-1 : 5-diene with N-bromosuccinimide.” By L. Bateman, J. I. 
CUNNEEN, Joyce M. Fasian, and H. P. Kocu. 

“The reaction of oct-l-ene with N-bromosuccinimide.” By L. BATEMAN and J. I. 
CUNNEEN. 


“ Periodic acid and periodates. Part II. Vapour pressure of periodic acid.”” By P. P. 
GyanI and B. P. GYAnl. 
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“ Adsorption of organic bases on silica gel, and heats of adsorption. Part II.” By 
B. P. GYANI. 

“ Decomposition of chromic acid in sulphuric acid. The unimolecular thermal reaction.” 
By E. E. AYNSLEY. 

“Triad prototropic systems. Part I. The mobility of the azomethine system during 
decarboxylation.” By F. G. BADDAR. 

“ The a- and the @-forms of 2: 3: 4: 6-tetra-acetyl-p-galactopyranose anilide.” By K. 
BuT er, F. Smit, and M. STAcEy. 

“ Correlation of critical temperature, boiling point, and critical pressure.” By L. H. 
THOMAS. 

“ Correlation of critical temperature, vapour pressure, and latent heat of vaporisation.”’ 
By L. H. THomas. 

‘‘ Some amidines and dihydroglyoxalines of the 1 : 1-diphenylethane and the 1 : 1-diphenyl- 
propane series.’’ By J. O. JILEK and M. Protiva. 

“‘ The synthesis of long-chain aliphatic acids from acetylenic compounds. Part I. The 
synthesis of a geometrical isomer of herculin.”” By R. A. RAPHAEL and FRANz 
SONDHEIMER. 

‘“‘ The synthesis of long-chain aliphatic acids from acetylenic compounds. Part II. The 
synthesis of a geometrical isomer of pellitorine.” By R. A. RAPHAEL and FRANz 
SONDHEIMER. 

“The structure of molecular compounds. Part VII. Compounds formed by the inert 
gases.” By H. M. Powe i. 

‘“‘Catalysed hydrogen peroxide oxidation of aromatic hydrocarbons. Part I.” By 
J. W. Cook and (Miss) R. SCHOENTAL. 

“Asymmetric transformation of 4: 5-dimethylbenzcinnoline.” By C. BucHANAN and 
S. H. GRAHAM. 

“Syntheses of fluoranthenes. Part IV. 10- and 11-Substituted fluoranthenes.”’ By 
S. Horwoop TUCKER and (Miss) MARGARET WHALLEY. 

“The polymerisation of vinyl compounds by the sulphite radical.’”’ By B. DuDLEY 
SULLY. 

‘* 2-Chloro-5-nitroaniline.” By C. BUCHANAN and S. H. GRAHAM. 

“Optical activation by asymmetric solvent action.” By C. BUCHANAN and S. H. 
GRAHAM. 

“Some diazoamino- and aminoazo-naphthalenes.”” By HERBERT H. HopGson and JOHN 
HABESHAW. 

“The monochlorination of 3-fluoro-6-nitrophenol in the 4-position.’”” By HERBERT H. 
Hopcson and JOSEPH NIXON. 

“ The action of copper on some aryldiazonium sulphates, and the isolation of copper salts.” 
By HERBERT H. Hopcson and JoHN HABESHAW. 

‘ Colchicine and related compounds. Part IX.” By J. W. Cook, G. T. Dickson, J. Jack, 
J. D. Loupon, J. McKgEown, J. MACMILLAN, and W. F. WILLIAMSON. 

“ ortho-Hydroxylation of phenols. A new case of the Smiles rearrangement.’’ By J. D. 
Loupon, J. R. ROBERTSON, J. N. WATSON, and (in part) (Miss) S. D. AITON. 

“ Formylation of bile acids.” By I. W. Hucues, F. Smitu, and M. WEBB. 

“ Equilibrium and thermodynamic relationships in the vapour-phase catalytic dehydration 
of ethyl alcohol to diethyl ether.” By F. H. H. VALENTIN. 

“On the réle of Ef vibrations in the 2600-a. benzene band system.”” By D. P. Craic. 

“Preparation of L-threonine. Interconversion of the four stereoisomeric a-amino-- 
hydroxybutyric acids.” By D. F. Exxiott. 

“ Acetylene reactions. Part VI. Trimerisation of ethynyl compounds.” By J. D. Rose 
and F. S. STATHAM. 

“‘ The constituents of natural phenolic resins. Part XXII. Reduction of some lactonic 
lignans with lithium aluminium hydride.” By Rosert D. HAwortH and LESLIE 
WILSON. 

“Cinnolines. Part XXV. Experiments with 3-halogeno-4-hydroxycinnolines. Some 
halogen exchange reactions.’”’ By K. SCHOFIELD and T. SWAIN. 
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“Cinnolines. Part XXVI. Some 4-cinnolylhydrazines, their preparation and oxidation. 
Miscellaneous quinoline derivatives.”” By K. SCHOFIELD and T. Swain. 

“‘ Reactions of methazonic acid. Part I. The preparation of 3-nitrolepidines and 3-nitro- 
4-arylquinolines.”” By K. SCHOFIELD and R. S. THEOBALD. 

“The isomerisation of berberine and cotarnine bases in presence of alkali.” By Basir 
SKINNER. 

“‘ Geometrical isomerism of the dioxides of diphenylpiperazine.”” By G. M. BENNETT and 
(Mrs.) ERIKA GLYNN. ‘ 

“ The hydrolysis of dinitrodinitratodiethyloxamide.”” By J. VAUGHAN. 

“ Afzelin (kempferol-3-rhamnoside), a new glycoside isolated from doussié.”” By F. E. 
KING and R. N. ACHESON. 

“ The extent of dissociation of salts in water. Part XII. Calcium salts of some amino- 
acids and dipeptides.” By C. W. Davigs and (Mrs.) G. M. WAIND. 

“The autoxidation of isopropylbenzene.” By G. P. ARMstronGc, R. H. HALL, and 
D. C. QUIN. 

“Inorganic per-acids. Part I. The alkali perborates.”” By J. R. PARTINGTON and 
A. H. FATHALLAH. 

“Codehydrogenases. Part I. The synthesis of dihydronicotinamide-p-ribofuranoside.”’ 
By L. J. Haynes and A. R. Topp. 

“ Reactions in sunlight.” By Fawzy G. BADDAR. 

“The isomerism of the oximes. Part XXXIX. Conversion of «- into §-aldoximes, and 
the salts of their O-methyl ethers.”” By O. L. Brapy and S. G. JARRETT. 

“The isomerism of the oximes. Part XL. The hydrolysis of acyl derivatives.” By 
M. BENGER and O. L. BrRApy. 

“The isomerism of the oximes. Part XLI. The hydrolysis by alkalis of acyl halogeno- 
benzaldoximes.”” By O. L. Brapy and S. G. JARRETT. 

“The isomerism of the oximes. Part XLII. The action of alkali on «- and §-0-iodo- 
benzaldoximes.” By O. L. Brapy and S. G. JARRETT. 

“The isomerism of the oximes. Part XLIII. The acid hydrolysis of acetyl-«-ald- 
oximes.”” By O. L. Brapy and J. MILLER. 

“The isomerism of the oximes. Part XLIV. The kinetics of the pyrolysis of acyl 
derivatives.” By DouGcLas AMBROsE and O. L. Brapy. 

“‘ The activity of the hydrogen ion and the conductivity of hydrogen chloride in aqueous 
acetone.” By O. L. Brapy and J. MILLER. 

“ The effect of varying the cation in some organic reactions requiring an alkaline medium.”’ 
By O. L. Brapy and J. JAKOBOVITs. 

‘‘ The reaction between amines and 1-chloro-2 : 4-dinitrobenzene.’’ By O. L. Brapy and 
F. R. CROPPER. 





November, 1949 


THE CHEMICAL SOCIETY 





SCIENTIFIC MEETINGS DURING JANUARY AND FEBRUARY, 1950. 


LONDON. 
Thursday, January 19th, 1950, at 7.15 p.m. 


Tilden Lecture, Studies on Electron-transfer Reactions, by Professor M. G. Evans, 
D.Sc., F.R.S. 


To be held at the Royal Institution, Albemarle Street, W.1. 





Thursday, February 2nd, 1950, at 7.15 p.m. 


The following papers will be read and discussed : 
“‘ The Structure of Molecular Compounds,” by H. M. Powell. 
“Chemical Actions of Ionising Radiations on Aqueous Solutions,” by G. Stein 
and J. Weiss. 


To be held at Burlington House, W.1. 
Abstracts of the papers may be obtained from the General Secretary. 





Thursday, February 16th, 1950, at 7.15 p.m. 


Pedler Lecture, Polyeyelic Aromatic Hydrocarbons, by Professor J. W. Cook, D.Sc., 
Ph.D., F.R.S. 
To be held in the Lecture Hall, The Institution of Mechanical Engineers, Storey’s Gate, S.W.1. 





ABERDEEN. 
Thursday, February 16th, 1950, at 7.30 p.m. 
Lecture, Applications of Exothermic Solid Reactions to Jet Propulsion and Industrial 
Purposes, by Dr. James Taylor, M.B.E., F.R.I.C. 


Joint meeting with the Royal Institute of Chemistry and the Society of Chemical Industry, 
to be held in the Chemistry Department, Marischal College, Aberdeen. 





BIRMINGHAM. 
Friday, January 20th, 1950, at 4.30 p.m. 


Lecture, The Separation and Determination of the Sugars and their Derivatives, 
by Dr. J. K. N. Jones, M.Sc., A.R.L.C. 


Joint meeting with the University Chemical Society, to be held in the Main Chemical 
Lecture Theatre, The University, Edgbaston, Birmingham. 





Friday, February 10th, 1950, at 4.30 p.m. 


Official Meeting. Lecture, Fifty Years of Organic Chemistry, by Sir Ian Heilbron, 
D.S.O., D.Sc., LL.D., F.R.S. 
To be held in the Main Chemical Lecture Theatre, The University, Edgbaston, Birmingham. 





BRISTOL. 
Thursday, February 9th, 1950, at 7 p.m. 
Lecture, Studies on Some Organic Fluorine Compounds, by Professor M. Stacey, 
D.Sc., F.R.L.C. 


Joint meeting with the Royal Institute of Chemistry and the Society of Chemical Industry, 
to be held in the Department of Chemistry, The University, Bristol. 








EIRE. 
Wednesday, January 11th, 1950, at 7.45 p.m. 
Lecture, Some Problems in the Chemistry of Vitamin D, by Professor E. R. H. Jones, 


D.Sc., F.R.L.C. 
To be held in the Department of Chemistry, University College, Dublin. 





GLASGOW. 
Friday, January 27th, 1950, at 7.15 p.m. 
Lecture, Recent Advances in the Chemistry of the Steroids, by Professor F. S. Spring, 
D.Sc., F.R.LC. 

To be held in the Royal Technical College, Glasgow. 

Friday, February 24th, 1950, at 7 p.m. 

Local Annual General Meeting and Meeting for reading of original papers. 

To be held in the Royal Technical College, Glasgow. 








HULL. 
Thursday, January 19th, 1950, at 6 p.m. 
Lecture, Modern Trends in Stereochemistry, by Professor E. E. Turner, M.A., D.Sc., 


F.R.S. 
Joint meeting with University College Scientific Society, to be held in the Science Lecture, 


Theatre, University College, Hull. 


Thursday, February 9th, 1950, at 6 p.m. 
Lecture, Some Recent Applications of Infra-red Spectroscopy, by Dr. H. W. Thomp- 


son, M.A., F.R.S. 
Joint meeting with University College Scientific Society, to be held in the Science Lecture, 
Theatre, University College, Hull. 








LEEDS. 
Monday, January 30th, 1950, at 6.30 p.m. 
Lecture, The Basis of Chemotherapeutic Research, by Dr. F. L. Rose, O.B.E., F.R.I.C. 
To be held in the Chemistry Lecture Theatre, The University, Leeds. 


Tuesday, February 21st, 1950, at 6.30 p.m. 
Lecture, Some Recent Applications of Dipole Moment Measurements to Molecular 
Structure, by Dr. H. D. Springall, M.A., F.R.I.C. (Preceded by Scientific 
Films at 5 p.m.) 
Joint meeting with the University Chemical Society, to be held in the Chemistry Lecture 
Theatre, The University, Leeds. 








MANCHESTER. 
Thursday, January 19th, 1950, at 6.30 p.m. 
Lecture, Localised and Non-localised Bonds, by Professor C. A. Coulson, M.A., D.Sc. 


Joint meeting with the Royal Institute of Chemistry and the Society of Chemical Industry, 
to be held in the Chemistry Department, The University, Manchester. 


Thursday, February 16th, 1950, at 6.30 p.m. 


Meeting for the reading of original papers. 
To be held in the Chemistry Department, The University, Manchester. 


Thursday, February 23rd, 1950, at 6.30 p.m. 


Lecture, Research in Progress in the Organic Chemistry Department of Manchester 
University, by Professor E. R. H. Jones, D.Sc., F.R.LC. 
Joint meeting with the Royal Institute of Chemistry and the Society of Chemical Industry, 
to be held at the Engineer’s Club, Manchester. 














NORTHERN IRELAND. 
Friday, January 20th, 1950, at 7.30 p.m. 


Lecture, Chemical Education, by Mr. J. McG. Jackson, B.Sc., F.R.L.C. 


Joint meeting with the Royal Institute of Chemistry and the Society of Chemical Industry, 
to be held in the Royal Academical Institution, Belfast. 





Wednesday, February 8th, 1950, at 7.30 p.m. 


Lecture, Colours in Food, by Mr. E. F. Eaton, F.R.I.C. 


Joint meeting with the Royal Institute of Chemistry, the Society of Chemical Industry, and 
the Society of Dyers and Colourists, to be held at the Queen’s Hotel, Belfast. 





NORTH WALES. 
Thursday, February 2nd, 1950, at 5.30 p.m. 


Lecture, Some Aspects of the Chemistry of Simple Peptides, by Professor F. E. King, 
M.A., D.Phil. 


Joint meeting with University College Chemical Society, to be held in the Department of 
Chemistry, University College of North Wales, Bangor. 





NOTTINGHAM. 
Thursday, February 23rd, 1950, at 6.30 p.m. 


Lecture, Synthesis in the Nucleotide Field, by Professor A. R. Todd, M.A., D.Sc., 
F.R.S. 


Joint meeting with the University Chemical Society, to be held in the Lecture Theatre, 
Department of Chemistry, The University, Nottingham. 





ST. ANDREWS and DUNDEE. 


Thursday, January 12th, 1950, at 5 p.m. 


Lecture, Keto-Enol Equilibrium, by Mr. R. P. Bell, M.A., F.R.S. 
To be held in the Chemistry Department, University College, Dundee. 





SHEFFIELD. 
Thursday, February 2nd, 1950, at 5.30 p.m. 


Lecture, The Breakdown of High Polymer Substances, by Professor H. W. Melville, 
D.Sc., F.R.S. 


Joint meeting with the University Chemical Society, to be held in the Chemistry Lecture 
Theatre, The University, Sheffield. 





SOUTHAMPTON. 
Friday, February 17th, 1950, at 5 p.m. 


Lecture, Modern Inorganic Stereochemistry, by Mr. R. S. Nyholm, M.Sc., A.R.I.C. 


Joint meeting with University College Chemical Society, to be held in the Physics Depart- 
ment, University College, Southampton. 





SOUTH WALES. 
Friday, February 10th, 1950, at 5.30 p.m. 


Lecture, Some Problems in Inorganic Chemistry, by Professor W. Wardlaw, C.B.E., 
D.Sc., F.R.1L.C. 


Joint meeting with the Royal Institute of Chemistry and University College of Swansea 
Students’ Chemical Society, to be held in University College, Swansea. 








PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY 





Minutes of a 
SCIENTIFIC MEETING 


held in the main Chemistry Lecture Theatre of Imperial College of Science and Technology, 
London, S.W.7, on Thursday, October 20th, 1949, at 7.30 p.m. 


The President, Str IAN HE1ILBRON, D.S.O., D.Sc., LL.D., F.R.S., was in the Chair. 


MINUTES. 


The Minutes of the Meeting held at Burlington House on Thursday, May 26th, 1949, 
were taken as read and were confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 


The following were admitted Fellows of the Society: M. W. Neil, E. S. Waight, B. B. 
Goalby, W. P. McKinney, J. Bond, G. Holland, P. F. M. Paul, R. E. H. Swayne, F. J. Par- 
menter, P. W. G. Smith, G. E. J. Reynolds, R. N. Faulkner, G. E. Ficken, J. A. Stock, 
A. Ashdown, F. Barlow, P. Grieve, H. E. Akerman, D. E. Ames, A. C. Davis, H. Bader, 
A. Kieso, H. Brull, J. H. S. Green, Mabel J. Sherlock, A. J. MacNaughton, E. R. Penney, 
D. H. Stanley, Diana Marmion, K. J. Hunter, E. C. Apling, D. J. Little, J. R. Harrison. 


TILDEN LECTURE. 


After a brief introduction the President called upon Professor E. R. H. Jones, D.Sc., 
Ph.D., F.R.I.C., to deliver the Tilden Lecture entitled, “‘ Acetylene and Acetylenic Com- 
pounds in Organic Synthesis.” At the conclusion of the Lecture, a vote of thanks to 
Professor Jones, proposed by Dr. W. A. Waters, was accorded with acclamation. 


Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House, London, W.1, on Thursday, November 3rd, 1949, at 7.15 p.m. 


The President, Str IAN HErILBRON, D.S.O., D.Sc., LL.D., F.R.S., was in the Chair. 


MINUTES. 


The Minutes of the Meeting held in the Main Chemistry Lecture Theatre of Imperial 
College of Science and Technology, London, S.W.7, on Thursday, October 20th, 1949, 
were read, and were confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 


The following were admitted Fellows of the Society: J. H. Ridd, Gregory J. Lawson, 
Eric N. Davis, P. Hobson, J. P. Bryon, D. P. Mukherjee, G. A. Owen. 
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SCIENTIFIC COMMUNICATIONS. 
The following papers were read and discussed : 


“ Triethylenediamine (1 : 4-Diazabicyclo[2:2:2]joctane) and Hexaethylene tetr- 
amine.” By F. G. Mann and Deb. P. Mukherjee. 

“Catalysis of Diels-Alder Diene Associations. Part V. Proton and Electron 
Transfer Processes.” By W. Rubin, H. Steiner, and A. Wassermann. 

“‘ The Enzymic Synthesis and Degradation of Starch. Parts IV, V, VI, and VII.” 
By S. A. Barker, E. J. Bourne, S. Peat, and I. A. Wilkinson. 





OFFICIAL ANNOUNCEMENTS 
DEATHS. 


The Council regret to announce the deaths of the following Fellows : 


Elected. Died. 
Rhys Pendrill Charles (Bournemouth) ... May 7th, 1891. Aug. 2nd, 1949. 
Lawrence Hislop (Edinburgh) Apr. 21st, 1898. Sept. 18th, 1949. 
Arthur Pillans Laurie (Churt) Mar. 4th, 1886. Oct. 7th, 1949. 
Sir Robert Howson Pickard (Headley) 

C. 1916—20, 1926—28, V.P. 1931—34, 

1937—40 May 6th, 1897. Oct. 18th, 1949. 
Arnold Stevenson (Eastbourne) Feb. 16th, 1899. June 2Ist, 1948. 
Alfred Pattinson Telford (Liverpool) Dec. 5th, 1929. Sept. 30th, 1949. 
Frank Edward Whitmore (Birmingham)... May 18th, 1944. July 25th, 1949. 


ELECTION OF NEW FELLOWS. 
The following 17 candidates were elected Fellows of the Society on October 20th, 1949 : 


Martin Norbert Berger. Paul Alexander Desmond de Maine. 
Frank Thomas Birks. Harold Jessup Douglas Dunbar. 
Margaret Anne Bond. Sidney Landsman. 
— Herbert Briston. Clement Alexander Lewis. 
alcolm McRae Burns. Dennis Stephen Papworth. 
Arthur Derek Campbell. Robert Towns Potter. 
— Bretton Capindale. George Herbert Tomlinson. 
rederick Glynn Cox. Christopher Stanley Woollard. 
Harold John Yardley. 


MEETING OF COUNCIL. 


A Meeting of Council was held on October 20th, 1949. 

A Deed of Agreement between the Society and Messrs. Butterworths (Scientific Pub- 
lications) Ltd., permitting the latter to reprint the first twenty-three volumes of the 
Journal, 1848—1870, on a royalty basis, was signed and sealed. 

Council noted with pleasure that a gift of the Society’s publications had been received 
from Mr. A. Hughes. 

Approval was given for the installation of a new central heating system in the apart- 
ments of the Society at Burlington House. 

Dr. M. I. D. Chughtai and Dr. M. U.S. Sultanbawa have been appointed Local Repre- 
sentatives for Pakistan and Ceylon respectively. 

Certain items of a formal and financial nature were conducted. 


THE LIBRARY. 


The Library will close for the Christmas Holidays at 1 p.m. on Friday, December 23rd, 
1949, and re-open at 10 a.m. on Thursday, December 29th, 1949. 


PUBLICATIONS OF THE AMERICAN CHEMICAL SOCIETY. 


Fellows will be aware that a reciprocal arrangement, whereby Fellows of the Chemical 
Society and Members of the American Chemical Society may purchase publications of the 
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two Societies at favourable rates, has existed for some time. The rates for 1950 of the 
American Chemical Society publications are as follows :— 


Price to Price to Fellows of 
The Chemical Society. Postage. 
$ 


$ 

Journal of The American Chemical Society . ‘ 1.80 
Chemical Abstracts . : 2.40 
Industrial and Engineering Chemistry : . 2.25 
Analytical Chemistry J . 1.05 
Industrial and Engineeri Chemistry and 

Analytical Chemistry (combination) . ; 3.30 
Chemical and Engineering News ’ 2.25 


Application should be made direct to the American Chemical Society, 1155, Sixteenth 
Street, N.W., Washington D.C., U.S.A., and it should be noted that permission to remit 
money abroad must be obtained through a bank. 





MEETINGS OUTSIDE LONDON 
BIRMINGHAM. 


“ The Oxidation of Aldehydes in Solution,” by Professor C. E. H. Bawn, Ph.D. 


A joint meeting with the University Chemical Society was held in the Chemical Lecture 
Theatre of the University on October 21st, 1949, with Professor H. W. Melville in the 
Chair. 

After a survey of the nature and characteristics of auto-oxidation processes, Professor 
Bawn described his experimental studies of the trace-metal catalysed oxidation of acet- 
aldehyde. The initiation of the oxidation chain was shown to be due to an electron-transfer 
reaction leading to the acetate radical. This was substantiated by reference to related 
kinetic studies of the oxidation of alcohols, aldehydes, and acids by the cobaltic ion. The 
chemistry of the intermediate formed and the nature of the reaction chain was discussed. 
It was shown that the observed results could be explained if the chain termination was, 
in the case of the cobalt catalyst, a reaction between the acetyl radical and peroxidic mole- 
cules, whereas with the cupric ion catalysis termination was by a recombination mechanism. 

The lecture was followed by a most interesting discussion. A vote of thanks to the 
Lecturer was proposed by Dr. S. R. Carter and carried with much enthusiasm. 


EXETER. 
“ Diffraction of Neutrons by Crystals,” by Dr. Kathleen Lonsdale, F.R.S. 


A joint meeting with University College Scientific Society was held in the Washington 
Singer Laboratories on October 14th, 1949, with Dr. K. Grew in the Chair. 

In an extremely clear manner the Lecturer expounded this very new subject, and in 
particular she compared and contrasted the nature of the information gained by a study 
of the diffractions of neutrons and of X-rays. At the conclusion of the lecture a hearty 
vote of thanks was moved by Mr. P. Bomyer and carried with acclamation. 


GLASGOW. 


“The Art of Making Sulphate of Ammonia,” by Dr. M. P. Applebey, M.B.E., M.A., 
F.R.LC. 


A joint meeting with the Alchemists’ Club and the Andersonian Chemical Society was 
held in the University on October 28th, 1949, with Professor F. S. Spring in the Chair. 

With some stress of the second word of his title, Dr. Applebey described the manu- 
facture of ammonium sulphate from ammonia and calcium sulphate. The physical con- 
dition of the product was of great importance commercially; and this led to the study, 
and eventually to the control, of the crystal habit, which depended critically upon the 
presence of small concentrations of certain tervalent ions in the mother liquor. The 
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lecture was illustrated by several films and a vote of thanks to the lecturer was proposed 
by Mr. Lindsay Bryson. 


NOTTINGHAM. 


“ The Scattering of Light by Solutions,” by Dr. E. J. Bowen, M.A., F.R.S. 


A joint meeting with the University Chemical Society was held in the Department of 
Chemistry of the University on October 20th, 1949, with Professor F. E. King in the 
Chair. 

Dr. Bowen discussed the nature of the scattered light from pure liquids and solutions, 
and, by means of a demonstration and models, the reason for the polarisation of the scat- 
tered radiation was clearly shown. The application of light-scattering measurements to 
the measurement of molecular weight and in the case of larger particles to the determin- 
ation of shape was described, and the possible application of this method in colloid and 
biochemistry briefly reviewed. 

After an interesting discussion Dr. Bowen was warmly thanked for his interesting 
lecture by Dr. D. O. Jordan. 


SOUTHAMPTON. 


“‘ Medical and Safety Aspects of Radiation Chemistry,” by Dr. E. F. Edson. 


A joint meeting with the Mid-Southern Counties Section of the Royal Institute of 
Chemistry and the University College Chemical Society was held in the Physics Depart- 
ment of University College on October 21st, 1949, with Dr. A. R. Burkin in the Chair. 

Dr. Edson discussed the nature and mechanism of injury caused by ionising radiations, 
the characters of the radiations themselves—especially their power of penetrating biological 
material—and finally, the ways in which radiation contamination is likely to occur under 
working conditions and the safeguards and preventive measures that are possible. 

The ensuing discussion was followed by a vote of thanks to Dr. Edson, proposed by 
Dr. K. R. Webb, and enthusiastically accorded. 





LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objections to the election of these candidates should communicate with the 
Honorary Secretaries within ten days of the date of publication of the Journal for November, 1949. Such 
objections will be treated as confidential. The forms of application are available in the Library.) 


*Bates, James Arthur Raymond, B.Sc. (Wales). British. ‘‘ The Lodge,” Nantyr, Glynceiriog, Wrex- 
ham. Research Chemist, Monsanto Chemicals Ltd. Signed by : R. A. Baxter, G. H. Hargreaves, 
W. Rogie Angus. 

*Blackall, Eileen Loraine, B.Sc. (Lond.). Britith. Manor Cottage Farm, Ash. Research Student 
at University College, London. Signed by : C. K. Ingold, C. A. Bunton, E. D. Hughes. 

*Brailsford, Sidney Frank. British. 61, Poulton Avenue, Sutton. Student at King’s College, London. 
Signed by: S. H. Harper, D. W. G. Style, D. H. Hey. 

Braun, Richard Charles, B.Sc. (Lond.), A.R.I.C. British. 5, Glenwood Avenue, Kingsbury, N.W.9. 
Lecturer in Chemistry at Hendon Technical College. Signed by : J. O’M. Bockris, B. L. Archer, 
R. G. H. Watson. 

Brookman, John Henry, B.Sc. (Lond.). British. 47, Leinster Square, Bayswater, W.2. Student. 
Signed by : L. Crombie, A. J. B. Edgar, J. F. Oughton. 

Budd, Sidney Maurice, B.Sc. (Lond.). British. 8, Mercer House, Ebury Bridge Road,S.W.1. Research 
Student. Signed by : C. K. Ingold, E. D. Hughes, C. A. Bunton. 

*Chanmugam, Jayarajan, B.Sc. (Ceylon), A.R.I.C. Cingalese. Laboratory of Physical Chemistry, Free 
School Lane, Cambridge. Research Student. Signed by: F. S. Dainton, J. N. Agar, R. G. W. 
Norrish. 

Clarke, John Russell, B.Sc. (Melbourne). British. 2a, Emily Road, Brighton 55, Victoria, Australia. 
Instructor in Chemistry, Gordon Institute of Technology, Victoria. Signed by: C. Stewart, W. 
Davies, E. Heymann. 

Clunie, John Cameron, B.A. (Oxon.). Canadian. 14, Fyfield Road, Oxford. Research Student 
at Physical Chemistry Laboratory, Oxford. Signed by : W. A. Waters, G. M. Waind, R. P. Bell. 
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Collins, John Samuel. British. 21, Hinde House Lane, Pitsmoor, Sheffield, 4. Assistant Chemist 
and Bacteriologist, Manchester Corporation Waterworks. Signed by : J. D. Joseph, L. A. Allen, 
G. U. Houghton. 

*Corbet, Hazel Ginette. British. c/o 88, Pennsylvania Road, Exeter. Student. Signed by : H. T. S. 
Britton, E. G. J. Willing, K. Schofield. 

Derome, George Eric. British. 22, Kimberley Drive, Great Crosby, Liverpool, 23. Student at Wigan 
and District Mining and Technical College. Signed by : A. Cooksey, M. Woodhead, M. Crawford. 

Forest, James, B.Sc. and Ph.D. (Glas.). British. 21, Graystone Avenue, Rutherglen, Glasgow. Re- 
search Chemist, B.D.H. Ltd. Signed by : V. Petrow, F. Hartley, W. A. Johnson. 

*Fenn, Edward Malcom, B.Sc. (Lond.), A.R.I.C. British. 181, Westrow Drive, Barking. Research 
Chemist. Signed by : J. Ratcliffe, J. C. Priest, R. E. Walpole. 

Gordon Merrick. British. Camp Hall, Cottingham, E. Yorks. Student at University 
College, Hull. Signed by : Brynmor Jones, J. J. Kipling, R. R. Baldwin. 

Hartog, John Marion, M.A. (Oxon.). British. Christ Church, Oxford. Research Student. Signed by: 
A. S. Russell, J. C. Smith, F. M. Brewer. 

*Hasler, Eric William. British. Churchgate Street, Harlow, Essex. Student. Signed by: R. A. 
Tingey, H. Holness, G. Mattock. 

B.Sc. (Bristol). British. 3a, North Road, Bristol, 6. Research Student. 
Signed by : W. D. Ollis, J. K. N. Jones, J. F. W. McOmie. 

*Heritage, Keith John. British. University College, Oxford. Student. Signed by: E. J. Bowen, 
H. W. pcg om R. P. Bell. 

Holliday, Arthur Kenneth, B.Sc. and Ph.D. (Leeds). British. 71, Mark Rake, Bromborough, Cheshire. 
University Lecturer. Signed by : W. B. Whalley, C. E. H. Bawn, J. E. Spice. 

*Hollingworth, Sheila Mary, B.Sc. (L’pool). British. 21, Waverley Road, Liverpool, 17. Research 
Student at Liverpool University. Signed by : W. B. Whalley, J. C. Roberts, A. McGookin. 

Jefferies, Phillip Reid, B.Sc. >. og British. 57, Marlow Street, Wembley, Western Australia. 
Student. Signed by : G. A. Elliott, W. Bottomley, D. E. White. 

*Kenney, Michael Joseph. British. 23, Windsor Road, Wanstead, E.1l. Student. Signed by: 
R. A. Tingey, G. Mattock, H. Holness. 

Kiang, Ai Kim, B.Sc. (Lond.), A.R.I.C. British. 1, Conduit Head Road, Cambridge. Lecturer in 
Chemistry, University of Malaya. Signed by : F. G. Mann, B. C. Saunders, A. R. Todd, P. Mait- 
land. 

*Law, John Trevor, M.Sc. and Ph.D. (N.Z.). British. 101, Dalberg Road,S.W.2. Research Student at 
Imperial College. Signed by : J. O’M. Bockris, Roger Parsons, B. L. Archer. 

Lee, Walter Henry, B.Sc. (Lond.), A-R.I.C. British. 34, Lancaster Park, Richmond, Surrey. Research 
Student at University College, London. Signed by : C. K. Ingold, E. D. Hughes, C. A. Bunton. 

*London, Betty Florence Maud, B.Sc. (Lond.). British. 46, Orchard Grove, Kenton, Harrow. Tech- 
nical Assistant, British Celanese. Signed by : A. M. Gibson, H. L. Peerman, G. F. Harding. 

*MacKenzie, Alan Peter. British. 254, Perth Road, Ilford, Essex. Student at S.W. Essex Technical 
College. Signed by : R. A. Tingey, H. Holness, M. G. Crook. 

*Macrae, Florence June, B.Sc. (Lond.). British. Ice Wood Cottage, Oxted, Surrey. Research 
Chemist. Signed by : E. E. Turner, D. M. Hall, S. B. Mahboob. 

*Marshall, Betty Margaret, B.Sc. (Reading). British. 21, Waverley Road, Liverpool, 17. Research 
Student at Liverpool University. Signed by : W. B. Whalley, A. McGookin, F. M. Dean. 

*Merriman, Peter Charles, B.Sc. (Lond.). British. 211, Corbets Tey Road, Upminster. Research 
Student at University College, London. Signed by : C. K. Ingold, C. A. Bunton, E. D. Hughes. 

*Ockenden, Derek William. British. Mardon Hall, Streatham Drive, Exeter. Student. Signed by: 
H. T. S. Britton, C. W. L. Bevan, S. J. Gregg. 

Philbin, Mrs. Eva Maria, M.Sc. (N.U.I.). Irish. Department of Chemistry, University College, Upper 
ee Street, Dublin. Assistant in Chemistry. Signed by: V. C. Barry, J. G. Belton, D. 

uama. 

*Rasburn, Jack Watson. British. Wood Lane, Heskin, Nr. Chorley. Student at Wigan and District 
Mining and Technical College. Signed by : A. Cooksey, M. Crawford, K. G. Mason. 

Rich, John. British. 179, Ramsden Road, Nightingale Lane, S.W.12. Research Chemist. Signed 
by : R.C. Vickery, J. E. Salmon, G. Schmerling. 

Sparks, Edward John. British. 770, Whalley New Road, Blackburn. Chief Power Station Chemist. 
Signed by : A. Walton, A. B. Owles, J. E. Wynfield Rhodes. 

*Spencer, Leslie John. British. 35, High Street, Rhyl. Student. Signed by : C. Campbell, E. R. H. 
Jones, G. R. Barker. 

*Stevenson, Robert, B.Sc. (Glas.). British. 13, Gilchrist Street, Coatbridge, Lanarkshire. Research 
Student, Royal Technical College, Glasgow. Signed by : G. T. Newbold, J. McLean, W. Barclay. 

Stimson, Victor Raymond, B.Sc. (Sydney). British. University College, Armidale, N.S.W. Lecturer. 
Signed by : T. Iredale, L. E. Lyons, K. G. Lewis. 

Dennis, B.Sc. (Lond.). British. 224, Brixton Road, S.W.9. Research Student at King’s 
College, London. Signed by : S. H. Harper, A. J. B. Edgar, L. Crombie. 

*Thompson, Ronald Austin, B.Sc. (Lond.). British. 224, Brixton Road, S.W.9. Research Student 
at King’s College, London. Signed by : L. Crombie, S. H. Harper, A. J. B. Edgar. 

Weiss, Erica, Ph.D. (Berlin). British. 56, Hillsborough Court, Mortimer Crescent, N.W.6. Librarian. 
Signed by : H. de Laszlo, B. A. Southgate, L. A. Allen. 
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*Williams, Clarence. British. ‘‘ Braecote,” Braeside Road, West Moors. Student at University 
College, Southampton. Signed by : K. R. Webb, N. B. Chapman, A. R. Burkin. 

Williams, James Michell, M.Sc. (S. Africa). British. King’s College of Household and Social Science, 
Campden Hill Road, W.8. Assistant Lecturer. Signed by : H. Burton, M. I. Birchenough, H. B. 
Hopkins. 

“Gam John Radford. British. 17, Cross-Path, Radlett. Student. Signed by: J. K. Whitehead, 
R. E. Richards, H. R. Bentley. 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT 
ABROAD. 


Cristol, Stanley Jerome, B.S. (Northwestern). M.A. and Ph.D. (Calif.). American. Department of 
Chemistry, University of Colorado, Boulder, Colorado. Associate Professor of Chemistry. Signed 
by : Glen R. Wakeham. 

Gaylord, Norman G., B.S. (New York), M.S. (Brooklyn). American. 200, Vernon Avenue, Brooklyn 6. 
New York. Research Chemist, Institute of Polymer Research Brooklyn. Signed by: V. T. 
Stannett, C. G. Overberger. 

Kennedy, Thomas Henry, M.Sc. (N.Z.). British. Thyroid Research Department Medical School, King 
Street, Dunedin. Research Chemist. Signed by : F. G. Soper, G. M. Richardson. 

Larsson, Erik, D.Sc. Swede. Gibrattargatan 22, Gothenburg, Sweden. Professor of Organic Chem- 
istry, Chalmers University of Technology, Gothenburg. Signed by : A. Deutsch, S. Bergstrom. 

Mosher, William Allison, A.B. (Willamette), M.S. (Oregon), Ph.D. (Penna.). American. De- 
partment of Chemistry, University of Delaware, Newark, Delaware. Professor of Chemistry, 
University of Delaware and Assistant Director at the Franklin Institute. Signed by : J. L. Simonsen. 

Stange, Hugo, B.S. (Northwestern). American. 2131, Ridge Avenue, Evanston, Illinois. Graduate 
Student. Signed by: F. G. Bordwell. 

*Wiberg, Kenneth Berle, B.S. (Mass.). American. 250, Adelphi Street, Brooklyn 5, New York. 
Student at Columbia University. Signed by : D. Y. Curtin. 


* Reduced Annual Subscription. 





PAPERS RECEIVED. 
(List of papers received between October 8th and November 9th, 1949.) 


“ The ultra-violet absorption spectra of 2: 2’-, 2: 4’-, 4: 4'-dihydroxydiphenylmethanes, 
2 : 2’-dihydroxy-5 : 5’-dimethyldiphenylmethane and its 3-ring, 4ring, and 5-ring 
polymers, and of 4 : 4’-dihydroxydiphenylethane.” By R. F. Hunter, R. A. Morton, 
and (in part) A. T. CARPENTER. 

“Fluorescent reagents. Acyl chlorides and acyl hydrazides.” By Witson Baker, 
C. N. Haksar, and J. F. W. McOmie. 

“ The structure of stipitatic acid.” By R. E. Cornett, A. W. Jounson, and A. R. Topp. 

“On the structure of Knudsen’s base and of related compounds. Part I.” By M. E. 
Foss, E. L. Hirst, J. K. N. Jones, H. D. SpRiNGALL, A. T. Toomas, and T. URBANSKI. 

“ The magnetic susceptibility of certain organic compounds. Part III. The contribution 
of the nitro-group to the magnetic susceptibility of aliphatic and aromatic nitro- 
compounds.” By F. G. Bappar and S. SUGDEN. 

“ Thiohydantoins. Part III. The N- and S-methyl derivatives of 5 : 5-disubstituted 
hydantoins and their mono- and di-thio-analogues.” By H. C. CARRINGTON and 
W. S. WaRING. 


“The Diels-Alder reaction. Part II. Polynuclear aromatic hydrocarbons.” By 
R. D. Brown. 

“ Potential trypanocides of the N-heterocyclic series. Part III. Alkoxyl and hydroxyl 
phenanthridinium salts.” By F. C. Copp and L. P. Watts. 

“Studies in molecular rearrangement. Part II. Oxotropic rearrangement in the poly- 
cyclic aromatic series.” By E. A. Braupe, J. S. Fawcett, and D. D. E. Newman. 

“The kinetics of anionotropic rearrangement. Part IX. The effects of polycyclic 
aromatic substituents on reactivity. A comparison of the electronic properties of 
the phenyl, l-naphthyl, 2-naphthyl, 9-anthryl, and 9-phenanthryl groups.” By 
E. A. BRAUDE and J. S. Fawcett. 

“ Fluorescence and the Beer-Lambert law. A note on the technique of absorption 
spectrophotometry.” By E. A. Braupe, J. S. Fawcett, and C. J. Trmmons. 
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“The action of hydrogen sulphide on certain methyleneimines. Part I.” By Eric R, 
BRAITHWAITE and JOHN GRAYMORE. 

“ Acid-catalysed hydration of acraldehyde. Kinetics of the reaction and isolation of 
§-hydroxypropionaldehyde.” By R. H. Hatt and E. S. STERN. 

“ Heterogeneous catalysis. Part I. Theoretical basis.” By D. A. DOWDEN. 

“ Heterogeneous catalysis. Part II. Hydrogenation by binary alloys.” By PETER W, 
REYNOLDS. 

“ The reaction of propylene sulphide with acetyl chloride and related compounds.” By W. 
Davies and W. E. SAVIGE. 

“‘ The reduction of toluene-f-sulphonyl esters.” By G. W. KENNER and M. A. Murray. 

“Some new curarising agents.” By JAMES WALKER. 

“Chlorine trifluoride. Determination of the liquid density.” By A. A. BANKS and 
A. J. RUDGE. 

“ The Euphorbia resins. Part III. The epimerisation and dehydration of euphol.” By 
RatpH N, E. BENNETT and FRANK L. WARREN. 

“The structure of molecular compounds. Part VIII. The compounds of krypton and 
quinol.”” By H. M. Powe Lt. 

“The preparation of the mononitrobenzaldehydes.” By W. Davey and J. R. Gwitt. 

“ The heats of hydrolysis of the chloro-substituted acetyl chlorides.” By H. O. PRITCHARD 
and H. A. SKINNER. 

“ Acetylene reactions. Part VII. Acetylenic amino-alcohols from benzophenones.” 
By H. P. W. HuGGIitt and J. D. Rose. 

“‘ Spectral resemblances between azulenes and their corresponding six-carbon ring isomers.” 
By H. B. KLEvENs. 

“Experiments on the synthesis of carbonyl compounds. Part I. Introduction. On 
the acidolysis of acylmalonic esters.” By R. E. BowMAN. 

“‘ Experiments on the synthesis of carbonyl compounds. Part II. A general synthesis of 
saturated ketones, R’'CO-CH,R”. By R. E. Bowman. 

“Experiments on the synthesis of carbonyl compounds. Part III. The addition of 
ethyl acetoacetate to ethyl sorbate.” By R. E. BowMan and (in part) D. E. AMEs. 

“The preparation of 2-ethoxyethyl chloride and bromide.” By D. E. Amgs and R. E. 
BOwMAN. 

“‘ Synthetic long-chain aliphatic compounds. Part I. Introduction. Myristic, stearic, 
and tricosoic acid.”” By D. E. Amss, R. E. Bowman, and R. G. MAson. 

“‘ Synthetic long-chain compounds. Part II. Erucic and brassidic acids. A new olefin 
synthesis.” By R. E. BowMAN. 

“ 3-Hydroxy-4 : 5-dimethoxybenzoic acid derivatives.” By J. R. ANSTEE and D. E. 
WHITE. 

“‘ Hydroaromatic steroid hormones. Part I. 19-Nortestosterone.” By ARTHUR J. BIRCH. 

“ The effect of bond structure on the transformation of o-aroyloxyacetoarones into o-hydr- 
oxydiaroylmethanes. Baker-Venkataraman transformation.” By N. V. NOwLan, 
P. A. SLAVIN, and T. S. WHEELER. 

“ The hydrogenation of some tsooxazolones.” By G. SHAW. 

“Tsomerisation reactions. Part III.”” By R. R. ArrKen, G. M. BADGER, and J. W. 
Cook. 

“The synthesis of piperidine derivatives. Part IV. 4-Phenylpiperidols. By G. M. 
BADGER, J. W. Cook, and G. M. S. DonaLp. 

“The reduction of uranium hexafluoride with hydrogen.” By J. K. Dawson, D. W. 
INGRAM, and L. L. BrrcuMsHAW. 

“ Mechanism of the molecular rearrangement produced by the action of alkali on chloral- 
quinaldine.” By B. R. Brown, D. Li. HAmmick, and Sir ROBERT ROBINSON. 

“ Attempts to find new antimalarials. Part XXIX. The synthesis of various deriv- 
atives of 2: 3-benz~y-carboline.” By Witt1amM O. KERMACK and (Mrs.) Nora E. 
STOREY. 

“The significance of the bromine cation in aromatic substitution. Part I. Kinetic 
evidence.” By D. H. DERBYSHIRE and WILLIAM A. WATERS. 
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“ The significance of the bromine cation in aromatic substitution. Part II. Preparative 
applicability.” By D. H. DERBYSHIRE and WILLIAM A. WATERS. 

“Certain substituted benzaldehydes and substituted benzaldehyde dinitrophenylhydr- 
azones.” By J. B. Bowen and E. M. WILKINSON. 

“ The surface tension of spontaneously inflammable liquids.” By J. E. Spice and (Miss) 
L. M. TURTON. 

“Colouring matters of the aphididae. Part II. Colouring matters from Aphis fabae.”’ 
By J. P. E. Human, A. W. Jounson, S. F. MacDONALD, and A. R. Topp. 

“ Colouring matters of the aphididae. Part III. Colouring matters from Tuberolachmus 
salignus.”” By H. DUEWELL, A. W. Jounson, S. F. MacDonaLp, and A. R. Topp. 

“ ortho-Mercapto-azo compounds. Part I. The coupling of tetrazotised 2 : 2’-diamino- 
diphenyl disulphide with B-naphthol.” By A. Burawoy and C. TURNER. 

“Interaction between polynitro-compounds and aromatic hydrocarbons and _ bases. 
Part X. Picric acid and alkylated benzene derivatives in chloroform solution.” By 
H. D. ANDERSON and D. Li. HAMMIcK. 

“Inorganic chromatography on cellulose. Part II. The separation and detection of 
metals and acid radicals on strips of absorbent paper.” By F. H. BurstALt, G. R. 
Davies, R. P, LINsTEAD, and R. A. WELLS. 

“Dithiols, Part IV. The reaction of toluene-f-sulphonates and methanesulphonates 
with potassium thiolacetate. A new method for the preparation of thiols.” By 
J. H. CHAPMAN and L. N. Owen. 

“Dithiols. Part V. Further non-vicinal dithiols.’” By PETER BLapon and L. N. 
OWEN. 

“Dithiols. Part VI. Ethers of 2: 3-dimercaptopropanol with mannitol and sorbitol.” 
By PETER BLADON and L. N. OWEN. 

“Dithiols. Part VII. 5:6-Sorbitoleen and 1: 2-mannitoleen as intermediates for the 
preparation of dithiols.” By PETER BLADON and L. N. OWEN. 

“1: 2-5: 6-Ditsopropylidene 3: 4-anhydro-p-talitol.” By PETER BLApoN and L. N. 
OWEN. 

“ The resolution of -chlorobenzhydrol.” By G. H. GREEN and J. Kenyon. 

“ The synthesis of 4-carboxy-vitamin-A acid.” By V. PETRow and O. STEPHENSON. 

“The mechanism of decarboxylation. Part V. Kinetics of the decarboxylation of 
hydroxybenzoic acids.” By R. R. Brown, D. Lt. HAmmick, and A. J. B. SCHOLFIELD. 

“ Cyclic meso-ionic compounds derived from quinoline.” By B. R. Brown and D. Lt. 
HAMMICK. 

“The apparent dipole moments of the chlorinated methanes in the liquid, dissolved, and 
gaseous states.” By G. A. Barciay and R. J. W. Le FEvre. 

“ The polarities of enols.” By C. L. ANcyat and R. J. W. Le FEvre. 

“The Senecio alkaloids. Part VI. The isomerisation of senecic acid to trans-senecic 
(integerrinecic) acid, and the general structure of the ‘necic’ acids.” By MEYER 
KROPMAN and FRANK L. WARREN. 

“ The Senecio alkaloids.’ Part VII. The structure of retrorsine and isatidine. The ester 
groupings.” By Ernest C. LEISEGANG and FRANK L. WARREN. 

“Studies in co-ordination chemistry. Part I. Complexes of quadrivalent platinum 
with tertiary arsines.” By R.S. NYHOLM. 

“ Studies in co-ordination chemistry. Part II. Tris-arsine complexes of bivalent platinum 
and palladium.” By R.S. NYHOLM. 

“Studies in co-ordination chemistry. Part III. Complexes of iron with a di-tertiary 
arsine.” By R. S. NYHOLM. 

“Studies in co-ordination chemistry. Part IV. Complexes of rhodic halides with a di- 
tertiary arsine.” By R. S. NYHOLM. 

“ Antituberculous compounds. Part IV. Compounds related to diethyl-w-aryloxy- 
alkylamines.”” By D. A. Peak and T. I. WATKINS. 

“ Antituberculous compounds. Part V. 2-Sulphanilamido-5-alkyl-1 : 3 : 4-oxa- and thia- 
diazoles and related isothiosemicarbazones and isothioureas.” By J. D. Brooks, 
P. T. CHARLTON, P. E. Macey, D. A. PEAK, and W. F. Sort. 
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“The intramolecular nature of the benzidine rearrangement.” 

K. H. PAUSACKER. 
“‘ Studies on seed mucilages. Part V. Examination of a polysaccharide extracted from 
By R. A. LarpLaw and E. G. VY. 


the seeds of Plantago ovata Forsk by hot water.” 


PERCIVAL. 


By G. J. BLomnxK and 





ADDITIONS TO THE LIBRARY. 


I. Donations 


Baupor, D.-F. Traité théorique de |’art 
du savonnier, déduit des procédés pratiques 
de la Fabrication de Marseille, qui a remporté 
le Prix aud jugement de l’Académie de Mar- 
seille, dans sa Séance du 23 Aofit 1807. Mar- 
seille 1808. pp. viii + 333. (Reference.) 

From Dr. R. Child. 

BIOCHEMICAL SociETy. Symposium No. 2. 
The biochemical reactions of chemical warfare 
reagents. Edited by R. T. Wittiams. Cam- 
bridge 1948. pp. [vi] + 73. ill. Cambridge 
Univ. Pr. 5s. Od. (Recd. 25/10/49.) 

Symposium No. 3. Partition chrom- 
atography. Edited by R. T. WriLtiams and 
R. L. M. Synce. Cambridge 1949. pp. 
[vi] + 103. Cambridge Univ. Pr. 6s. 0d. 
(Recd. 25/10/49.) From the Society. 

BritisH RuHEOLOGIsTs’ CLusB. The princi- 
ples of rheological measurement. Report of 
General Conference, Bedford College, Univer- 
sity of London, October 1946. London 1949. 
pp. x + 214. ill. 30s.0d. (Recd. 23/9/49.) 

From the Publishers : 
Messrs. Thomas Nelson & Sons, Ltd. 

CuymiA. Annual studies in the history of 
chemistry. Volume II. Editor-in-Chief: 
T. L. Davis. Philadelphia 1949. pp. x + 
143. ill. $4.00. (Reference.) 

From the Publishers : 
University of Pennsylvania Press. 

DEPARTMENT OF SCIENTIFIC AND INDUS- 
TRIAL RESEARCH. [Water Pollution Research.] 
Treatment and disposal of industrial waste 
waters. By B.A.SoutucaTe. London 1948. 
pp. vii + 327. ill. H.M.S.O. 12s. 6d. (Recd. 
26/9/49.) From the Bureau of Abstracts. 

INTERNATIONAL CONGRESS OF BIOCHEM- 
ISTRY, Ist. Cambridge, 19—25 August, 1949. 
Abstracts of communications. Cambridge 
1949. pp. 637. (Reference.) 

From the Biochemical Society. 

LawriE, L. G. A bibliography of dyeing 
and textile printing, comprising a list of books 
from the sixteenth century to the present time 
(1946). London 1949. pp. 143. 15s. Od. 
(Reference.) From the Publishers : 

Messrs. Chapman & Hall, Ltd. 

PAaRTINGTON, J. R. An advanced treatise 

on physical chemistry. Volume I. Funda- 


mental principles; the properties of gases, 
London 1949. pp. xlii+ 943. ill. Long- 
mans. 80s. 0d. (Recd. 13/10/49.) 
From the Author, 
SHELL CHEMICAL CORPORATION. Allyl alco- 
hol. San Francisco 1946. pp. [vi] + 95. 
ill. (Recd. 4/10/49.) 
From The Shell Petroleum Co., Ltd, 
StorrizE, F. R. Organic chemistry for 
students of engineering. London 1949. pp. 
viii+ 88. ill. Dent. 2s. 3d. (Reed. 
4/10/49.) From the Author, 
UniteED Nations. Department of Social 
Affairs. The question of establishing United 
Nations research laboratories. New York 
1948. pp. viii + 290. (Recd. 8/11/49.) 
From the Department. 


II. By Purchase 


BAUMGARTNER, J. G. Canned foods; an 
introduction to their microbiology. 3rd edi- 
tion. London 1949. pp. x-+ 278. ill. 
Churchill. 15s. 0d. (Recd. 20/10/49.) 

ByerruMm, N. Selected papers. Edited by 
his friends and co-workers on the occasion of 
his 70th birthday, 11th March, 1949. Copen- 
hagen 1949. pp. 295. ill. Munksgaard. 
Dan. Kr. 18.00. (Recd. 20/10/49.) 

CANDLER,C. Practical spectroscopy. Lon- 
don 1949. pp. viii+ 190. ill. Hilger & 
Watts. 21s. Od. (Recd. 20/10/49.) 

CanTaRow, A., & TRUMPER, M. Clinical 
biochemistry. 4th edition. Philadelphia 
1949. pp. xix + 642. ill. W. B. Saunders. 
$8.00. (Recd. 27/10/49.) 

Dacx, G. M. Food poisoning. Revised 
edition. Chicago 1949. pp. xi+ 184. Uni- 
versity of Chicago Pr. $3.75. (Recd.30/9/49.) 

Davies, M. The physical principles of gas 
liquefaction and low temperature rectification. 
London 1949. pp. viii + 205. ill. Long- 
mans. 25s. 0d. (Recd. 20/10/49.) 

FAuLKNER, R. P. Manures and fertilizers 
and their horticultural application. London 
1949. pp. vii+ 112. ill. Pitman. 7s. 6d. 
(Recd. 20/10/49.) 

Fretp, S. Principles of electrodeposition. 
2nd edition. London 1949. pp. xi + 340. 
Pitman. 25s. 0d. (Recd. 20/10/49.) 
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Forses, R. J. Short history of the art of 
distillation from the beginnings up to the 
death of Cellier Blumenthal. Leiden 1948. 
pp. [vii] + 405. ill. E. J. Brill. 40s. 0d. 
(Recd. 20/10/49.) 

GappuM, J. H. Pharmacology. 3rd edition. 
London 1949. pp. xvi+ 504. ill. Ox- 
ford Univ. Pr. 25s. 0d. (Recd. 20/9/49.) 

Gar.ick, G. F. J. Luminescent materials. 
Oxford 1949. pp. viii+ 254. ill. Oxford 
Univ. Pr. 21s. Od. (Recd. 1/11/49.) 

GrirFiTH, R. H. The practice of research 
in the chemical industries. London 1949. 
pp. vii+ 184. Oxford Univ. Pr. 12s. 6d. 
(Recd. 20/10/49.) 

INSTITUTE OF FUEL. Waste-heat recovery 
from industrial furnaces. A treatise based 
upon a series of papers presented to the Insti- 
tute of Fuel. London 1948. pp. ix + 384. 
ill. Chapman & Hall. 35s. Od. (Recd. 
20/10/49.) 

Kruyt, H. R. Colloid science. Vol. 
II. Reversible systems. Amsterdam 1949. 
pp. xix + 753. ill. Elsevier. 77s. 6d. (Recd. 
20/10/49.) 

Lowry, T. S., & SucpEN, S. A class book 
of physical chemistry. 2nd edition. London 


1949. pp. vii+ 454. ill. Macmillan. 8s. 6d. 
(Recd, 20/10/49.) 
Miter, A. R. The adsorption of gases on 


solids. (Cambridge Monographs on Physics.) 
A sequel to the Cambridge Physical Tract 
written in 1939 by J. K. RoBErts and en- 
titled: Some problems in adsorption. Cam- 
bridge 1949. pp. ix + 133. ill. Cambridge 
Univ. Pr. 12s. 6d. (Recd. 20/10/49.) 

MoncrRIEFF, R. W. The chemistry of per- 
fumery materials. London 1949. pp. [vi] + 
344. United Trade Pr. 30s Od. (Recd. 
20/10/49.) 

PLEETH, S. J. W. Alcohol; a fuel for in- 
ternal combustion engines. London 1949. 
pp. xv + 259. ill. Chapman & Hall. 28s. 0d. 
(Recd. 20/10/49.) 

PROGRESS IN METAL PuysIcs. 
Edited by B. CHALMERS. 
pp. viii+ 401. ill: 
(Reference.) 

Ritcuiz, P.D. A chemistry of plastics and 
high polymers. London 1949. pp. viii + 
288. ill. Cleaver-Hume. 25s. Od. (Recd. 
20/10/49.) 

Rovucnuton, F. J. W. & KENDREWw, J. C. 
[Editors.] Hzmoglobin. A symposium 
based on a conference held at Cambridge in 
June 1948 in memory of Sir Joseph Barcroft. 


Volume I. 
London 1949. 
Butterworth. 45s. Od. 


London 1949. pp. xii+ 317. ill. Butter- 
worth. 40s. 0d. (Recd. 20/10/49.) 

SEARLE, A. B. The clayworker’s hand- 
book. 5thedition. London 1949. pp. viii + 
392. ill. Griffin. 26s.0d. (Recd. 20/10/49.) 

SmitH, H. M. Torchbearers of chemistry; 
portraits and brief biographies of scientists 
who have contributed to the making of 
modern chemistry. New York 1949. pp. 270. 
ill. Academic Pr. $8.00. (Reference.) 

SocrETY FOR EXPERIMENTAL BIoLocy. 
Symposium. No. III. Selective toxicity and 
antibiotics. Cambridge 1949. pp. vi + 372. 
ill. Camb. Univ. Pr. 35s. 0d. (Reference.) 

STaPLEy, J. H. Pests of farm crops. 
London 1949. pp. [viii] + 325. ill. Spon. 
21s. Od. (Recd. 20/10/49.) 

Sutty, A. H. Metallic creep and creep 
resistant alloys. London 1949. pp. xii + 
278. ill. Butterworth. 25s. Od. (Recd. 
20/10/49.) 

UnITED StTaTEs. Atomic Energy Commis- 
sion. Nuclear Science Abstracts. Volume I, 
etc. Oak Ridge,Tenn. 1948+. (Reference.) 

Witson, A. J.C. X-Ray optics. The dif- 
fraction of X-Rays by finite and imperfect 
crystals. London 1949. pp. vii+ 127. ill. 
Methuen. 6s. 0d. (Recd. 20/10/49.) 


III. Pamphlets 


ARMOUR AND Company. Chemical Divi- 
sion. Chemistry of fatty acids. Chicago 
1947. pp. 9. 

DEPARTMENT OF SCIENTIFIC AND INDUSs- 
TRIAL RESEARCH. Road Research Laboratory. 
Road Research Technical Paper No. 16. 
The reaction of oxygen with tar oils. By 
E, J. Dickinson and J. H. Nicuoras. Lon- 
don 1949. pp. iv + 27. 

IpAHO, UNIVERSITY OF. School of Mines, 
and IpaHO BuREAU OF MINES AND GEOLOGY. 
Bureau of Mines and Geology Pamphlet No. 
89. Special Research Project No. 13. Studies 
on the production of antimony oxide. By 
J. Newton and W. D. WILDE. Moscow, 
Idaho 1949. pp. 52. ill. 

KuNGL. SVENSKA VETENSKAPSAKADEMIENS. 
Minnesfesten Over Berzelius. 20—22 Sep- 
tember 1948. Stockholm (1949]. pp. 56. 

REID, J. Somecontributions to the history 
of esparto. pp. 15. (From Proc. Tech. Sect. 
Paper Makers’ Assoc., 1948, 29.) 

Wiccin, Henry & Co., Lrp. 
properties and applications. 
1949. pp. 18. 
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THE CHEMICAL SOCIETY 





SCIENTIFIC MEETINGS DURING FEBRUARY AND MARCH, 1950 


LONDON. 
Thursday, February 2nd, 1950, at 7.15 p.m. 


The following papers will be read and discussed : 


“ The structure of molecular compounds.” By H. M. Powell. 
Part VII. Compounds formed by the inert gases. 
Part VIII. The compound of krypton and quinol. 
“‘ Chemical actions of ionising radiations on aqueous solutions.” By G. Stein and 
J. Weiss. 
Part I. Introduction and description of irradiation arrangements (with 
F. T. Farmer). 
Part II. The action of X-rays on benzene and benzoic acid. 
Part III. The action of neutrons and of alpha particles on benzene. 
Part IV. The action of X-rays on some amino-acids. 


To be held at Burlington House, W.1. 
Abstracts of the papers may be obtained from the General Secretary. 





Thursday, February 16th, 1950, at 7.15 p.m. 


Pedler Lecture, Polycyclic Aromatic Hydrocarbons, by Professor J. W. Cook, 
D.Sc., Ph.D., F.R.S. 
To be held in the Lecture Hall, The Institution of Mechanical Engineers, Storey’s Gate, S.W.1. 





Thursday, March 2nd, 1950, at 7.15 p.m. 


Centenary Lecture, The Azulenes, by Professor Dr. Pl. A. Plattner (Ziirich). 


To be held in the Main Chemistry Lecture Theatre, The Imperial College of Science and 
Technology, S.W.7. 





Thursday, March 16th, 1950, at 7.15 p.m. 


The following papers will be read and discussed : 


“ The significance of the bromine cation in aromatic substitution. Parts I and 
II.” By D. H. Derbyshire and W. A. Waters. 

“ The kinetics of aromatic halogen substitution. Part VII. Nitrobenzene and 
azobenzene.” By P. W. Robertson, T. R. Hitchings, and G. M. Will. 

“ The effect of bond structure on the transformation of o-aroyloxyacetoarones into 
o-hydroxydiaroylmethanes—Baker-Venkataraman transformation.” By 
N. V. Nowlan, P. A. Slavin, and T. S. Wheeler. 


To be held at Burlington House, W.1. 
Abstracts of the papers may be obtained from the General Secretary. 





ABERDEEN. 
Thursday, February 16th, 1950, at 7.30 p.m. 
Lecture, Applications of Exothermiec Solid Reactions to Jet Propulsion and Industrial 


Purposes, by Dr. James Taylor, M.B.E., F.R.I.C. 


Joint meeting with the Royal Institute of Chemistry and the Society of Chemical Industry, 
to be held in the Chemistry Department, Marischal College, Aberdeen. 








Thursday, March 9th, 1950, at 7.30 p.m. 


Lecture, The Chemistry of Anzstheties, by Professor H. B. Nisbet, D.Sc., F.R.L.C. 


Joint meeting with the Royal Institute of Chemistry and the Society of Chemical Industry, 
to be held in the Chemistry Department, Marischal College, Aberdeen. 


BIRMINGHAM. 
Friday, February 10th, 1950, at 4.30 p.m. 


Official Meeting. Lecture, Fifty Years of Organic Chemistry, by Sir Ian Heilbron, 
D.S.O., D.Sc., LL.D., F.R.S. 


To be held in the Main Chemical Lecture Theatre, The University, Edgbaston, Birmingham. 
Friday, March 17th, 1950, at 4.30 p.m. 


Lecture, How Crystals Grow, by Professor E. K. Rideal, M.B.E., M.A., D.Sc., F.R.S. 


To be held in the Main Chemical Lecture Theatre, Chemistry Department, The University, 
Edgbaston, Birmingham. 











BRISTOL. 
Thursday, February 9th, 1950, at 7 p.m. 





Lecture, Studies of Some Organic Fluorine Compounds, by Professor M. Stacey, 
D.Sc., F.R.LC. 


Joint meeting with the Royal Institute of Chemistry and the Society of Chemical Industry, 
to be held in the Department of Chemistry, The University, Bristol. 


EDINBURGH. 
Tuesday, February 7th, 1950, at 7 p.m. 


Lecture, Some Aspects of Solid Reactions, by Professor W. E. Garner, C.B.E., 
D.Sc., F.R.S. 


Joint meeting with the University Chemical Society, The Royal Institute of Chemistry and 
the Society of Chemical Industry, to be held in the University Medical Buildings, Teviot 
Place, Edinburgh. 





EIRE. 
Wednesday, March \st, 1950, a 7.45 p.m. 





Lecture, Deoxy-sugars and Nucleic Acids, by Professor M. Stacey, D.Sc., F.R.I.C. 


Joint meeting with the Irish Chemical Association, the Royal Institute of Chemistry and 


the Society of Chemical Industry, to be held in the Department of Chemistry, University 
College, Dublin. 


Friday, March 3rd, 1950, at 7.45 p.m. 
Lecture, Bacterial Nucleic Acids, by Professor M. Stacey, D.Sc., F.R.I.C. 


Joint meeting with the Irish Chemical Association, the Royal Institute of Chemistry, and 
the Society of Chemical Industry, to be held at University College, Cork. 


Monday, March 6th, 1950, at 7.45 p.m. 








Lecture, Deoxy-sugars and Nucleie Acids, by Professor M. Stacey, D.Sc., F.R.I.C. 


Joint meeting with the Irish Chemical Association, the Royal Institute of Chemistry, and 


the Society of Chemical Industry, to be held in the Chemical Laboratories, University 
College, Galway. 


Wednesday, March 8th, 1950, at 7.45 p.m. 


Lecture, Lyeomarasmin : The Chemistry of Wilting Diseases, by Professor Dr. Pl. A. 
Plattner (Ziirich). 


To be held in the Department of Chemistry, Trinity College, Dublin. 








GLASGOW. 
Friday, February 24th, 1950, at 7 p.m. 


Local Annual General Meeting and Meeting for reading of original papers. 
To be held in the Royal Technical College, Glasgow. 
Friday, March 10th, 1950, at 7.15 p.m. 


Lecture, Purine Synthesis—A New Chapter, by Dr. A. H. Cook, F.R.I.C. 


Joint meeting with local Chemical Societies, to be held in the Chemistry Department, The 
University, Glasgow. 








HULL. 
Thursday, February 9th, 1950, at 6 p.m. 
Lecture, Some Recent Applications of Infra-red Spectroscopy, by Dr. H. W. Thomp- 


son, M.A., F.R.S. 


Joint meeting with University College Scientific Society, to be held in the Science Lecture 
Theatre, University College, Hull. 





Thursday, March 2nd, 1950, at 6 p.m. 


Lecture, Aromatic Nitration, by Dr. G. M. Bennett, C.B., M.A., F.R.S. 
Joint meeting with the Royal Institute of Chemistry, to be held at University College, Hull. 





LEEDS. 
Tuesday, February 21st, 1950, at 6.30 p.m. 
Lecture, Some Recent Applications of Dipole-moment Measurements to Molecular 


Structure, by Dr. H. D. Springall, M.A., F.R.I.C. (Preceded by Scientific 
Films at 5 p.m.) 





Joint meeting with the University Chemical Society, to be held in the Chemistry Lecture 
Theatre, The University, Leeds. 


LIVERPOOL. 
Thursday, March 16th, 1950, at 4.30 p.m. 


Lecture, Photo-excited Electron-transfer Reactions, by Professor M. G. Evans, 
D.Sc., F.R.S. 
To be held in the Lecture Theatre of the Chemistry Department, The University, Liverpool. 





Tuesday, March 7th, 1950, at 4.30 p.m. 


Lecture, Lyeomarasmin : The Chemistry of Wilting Diseases, by Professor Dr. Pl. A. 
Plattner (Ziirich). 
To be held in the Chemistry Department, The University, Liverpool. 





MANCHESTER. 
Thursday, February 16th, 1950, at 6.30 p.m. 


Meeting for the reading of original papers. 
To be held in the Chemistry Department, The University, Manchester. 





Thursday, February 23rd, 1950, at 6.30 p.m. 
Lecture, Research in Progress in the Organic Chemistry Department of Manchester 


University, by Professor E. R. H. Jones, D.Sc., F.R.1.C. 


Joint meeting with the Royal Institute of Chemistry and the Society of Chemical Industry, 
to be held at the Engineer’s Club, Manchester. 








Friday, March 3rd, 1950, at 6.30 p.m. 


Centenary Lecture, The Azulenes, by Professor Dr. Pl. A. Plattner (Ziirich). 
To be held at the University, Manchester. 


Thursday, March 9th, 1950, at 6.30 p.m. 


Pedler Lecture, Polycyclic Aromatic Hydrocarbons, by Professor J. W. Cook, 
D.Sc., Ph.D., F.R.S. 


To be held in the Chemistry Department, The University, Manchester. 
Wednesday, March 22nd, 1950, at 6.30 p.m. 


Lecture, Some Recent Applications of Infra-red Spectroscopy, by Dr. H. W. Thomp- 
son, M.A., F.R.S. 


Joint meeting with the Royal Institute of Chemistry and the Society of Chemical Industry, 
to be held at the Engineer’s Club, Manchester. 


NORTHERN IRELAND. 
Wednesday, February 8th, 1950, at 7.30 p.m. 


Lecture, Colours in Food, by Mr. E. F. Eaton, F.R.I.C. 


Joint meeting with the Royal Institute of Chemistry, the Society of Chemical Industry, 
and the Society of Dyers and Colourists, to be held at the Queen’s Hotel, Belfast. 


Friday, March 10th, 1950, at 7.30 p.m. 


Lecture, Inorganic Chromatography, by Mr. R. A. Wells, B.Sc., A.R.L.C. 


Joint meeting with the Royal Institute of Chemistry and the Society of Chemical Industry, 
to be held in the Agricultural Lecture Theatre, Elmwood Avenue, Belfast. 


NORTH WALES. 
Thursday, February 2nd, 1950, at 5.30 p.m. . 


Lecture, Some Aspects of the Chemistry of Simple Peptides, by Professor F. E. King, 
M.A., D.Phil. 




















Joint meeting with University College Chemical Society, to be held in the Department of 
Chemistry, University College of North Wales, Bangor. 


NOTTINGHAM. 
Thursday, February 23rd, 1950, at 6.30 p.m. 


Lecture, Synthesis in the Nucleotide Field, by Professor A. R. Todd, M.A., D.Sc., 
F.R.S. 


Joint meeting with the University Chemical Society, to be held in the Lecture Theatre, 
Department of Chemistry, The University, Nottingham. 


Thursday, March 9th, 1950, at 6.30 p.m. 


Lecture, Some Aspects of Structural Chemistry, by Professor W. Wardlaw, C.B.E., 
D.Sc., F.R.1L.C. 


Joint meeting with the University Chemical Society, to be held in the Lecture Theatre, 
Department of Chemistry, The University, Nottingham. 


OXFORD. 
Monday, February 6th, 1950, at 8.15 pm. 


Alembic Club Lecture, Analytical Chemistry : Science or Art, by Dr. H. Irving, 
M.A., F.R.LC. 


Joint meeting with the Royal Institute of Chemistry, to be held in the Physical Chemistry 
Laboratory, Oxford. All Fellows are invited. 














Monday, February 27th, 1950, at 8.15 p.m. 


Alembic Club Lecture, Some Unifying Concepts in Chemistry, by Sir John Lennard- 
Jones, K.B.E., D.Sc., F.R.S. 


To be held in the Physical Chemistry Laboratory, Oxford. All Fellows are invited. 





ST. ANDREWS and DUNDEE. 
Thursday, February 2nd, 1950, at 5 p.m. 





Lecture, The Concept of Nature, from Copernicus to Newton, by Sir Edmund Whit- 
taker, LL.D., Sc.D., F.R.S. 


Meeting held under the auspices of the British Association Dundee Trust, to be held in the 
Chemistry Department, University College, Dundee. All Fellows are invited. 


SHEFFIELD. 
Thursday, February 2nd, 1950, at 5.30 p.m. 
Lecture, The Breakdown of High-polymer Substances, by Professor H. W. Melville, 
D.Sc., F.R.S. 


Joint meeting with the University Chemical Society, to be held in the Chemistry Lecture 
Theatre, The University, Sheffield. 





Thursday, March 16th, 1950, at 5.30 p.m. 
Lecture, Recent Developments in Actylene Chemistry, by Professor E. R. H. Jones, 
D.Sc., F.R.L.C. 


Joint meeting with the University Chemical Society, to be held in the Chemistry Lecture 
Theatre, The University, Sheffield. 





SOUTHAMPTON 
Friday, February 17th, 1950, at 5 p.m. 





Lecture, Modern Inorganic Stereochemistry, by Mr. R. S. Nyholm, M.Sc., A.R.I.C. 
Joint meeting with University College Chemical Society, to be held in the Physics Depart- 
ment, University College, Southampton. 


Friday, March 3rd, 1950, at 5 p.m. 
Lecture, The Determination of Traces of Elements and Compounds, by Dr. H. 
Irving, M.A., F.R.I.C. 


Joint meeting with University College Chemical Society, to be held in the Physics Depart- 
ment, University College, Southampton. 





SOUTH WALES. 
Friday, February 10th, 1950, at 5.30 p.m. 
Lecture, Some Problems in Inorganic Chemistry, by Professor W. Wardlaw, C.B.E., 
D.Sc., F.R.LC. 


Joint meeting with the Royal Institute of Chemistry and University College of Swansea 
Students’ Chemical Society, to be held in University College, Swansea. 





Friday, March 3rd, 1950, at 5.30 p.m. 
Lecture, Synthetical Investigations in the Series of Cyclic Imines, by Professor F. E. 
King, M.A., D.Phil. 


Joint meeting with University College of Swansea Students’ Chemical Society, to be held 
in University College, Swansea. 








PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY 





Minutes of a 
SCIENTIFIC MEETING 


held in the Lecture Hall of the Institution of Mechanical Engineers, Storey’s Gate, London, 
S.W.1, on Thursday, November 17th, 1949, at 7.15 p.m. 


PROFESSOR W. WARDLAW, C.B.E., D.Sc., F.R.I.C., Vice-President, was in the Chair. 


MINUTES. 

The Minutes of the Scientific Meeting held on November 3rd, 1949, at Burlington 
House, were read, and were confirmed and signed. 
FORMAL ADMISSION OF FELLOWS. 


The following were admitted Fellows of the Society : W. G. Potter, P. A. Rottenburg, 
W. J. Peal, E. Brown, C. J. Watson, R. V. V. Nicholls. 


CENTENARY LECTURE. 


The Chairman called upon Dr. M. Magat to deliver the Centenary Lecture entitled, 
** Radiation Induced Polymerisation.” 

At the conclusion of the Lecture, a vote of thanks proposed by Mr. R. P. Bell, was 
carried with acclamation. 


Minutes of a 
SCIENTIFIC MEETING 


held in the Lecture Theatre of the Royal Institution, Albemarle Street, London, W.1, on 
Wednesday, November 30th, 1949, at 2.30 p.m. 


The President, Str IAN HeE1LBRon, D.S.O., D.Sc., LL.D., F.R.S., was in the Chair. 


MINUTES. 


The Minutes of the Scientific Meeting held on November 17th, 1949, at the Institution 
of Mechanical Engineers, were read, and were confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 


The following were admitted Fellows of the Society: L. W. Baldwin, P. J. Durrant, 
A. J. Edwards, S. Hill, R. G. Wilkins, J. L. Levy, J. E. Gregory, H. A. Williams, A. S. 
Shoukry, P. F. G. Praill, M. J. Birchenough, Stanley Wilson, H. Gudgeon, G. M. Henderson, 
N. N. Greenwood, A. G. Sharpe, John M. Tedder, R. E. Worthington, R. G. A. New, 
P. J. Westby, R. A. Durie, J. D. Burnett. 


SYMPOSIUM ‘‘ FLUORINE CHEMISTRY.” 


After a brief introduction, in which he expressed the appreciation of the Society to 
the organisers of the Symposium and to the contributors, the President called upon Pro- 
fessor H. J. Emeléus to take the Chair and to open the Symposium. 
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The following contributions were made : 


“The Production of Fluorine. Some Notes on Anode Phenomena Occurring in 
the Medium-temperature Fluorine Cell,” by A. J. Rudge (I.C.I. General Chemicals, 
Ltd.) 

“The Preparation and Properties of Chlorine Trifluoride,” by R. le G. Burnett 
and A. A. Banks (I.C.I. General Chemicals, Ltd.) 

“ Bromine Trifluoride as an Ionising Solvent,” by H. J. Emeléus, A. G. Sharpe, 
A. A. Woolf, and V. Gutmann (Cambridge). 


Professor M. Stacey was then invited to take the Chair for the remainder of the meet- 
ing, and further contributions were made as follows : 


“A Critical Review of Suggested Values for the Dissociation Energy of the 
Fluorine Molecule and Some Considerations of the Effect of Changes in this Quantity 
on the Electron Affinity of Fluorine and Related Properties,’ by M. G. Evans, 
E. Warhurst, and M. Whittle (Manchester). 

“ The Rates of Reaction of Sodium Atoms with the Fluoro-methanes,” by M. G. 
Evans and E. Warhurst (Manchester). 

“‘ Synthesis and Significance of Fluorocarbons,” by M. Stacey (Birmingham). 

“The Chemistry of Iodotrifluoromethane and Iodopentafluoroethane,” by R. N. 
Haszeldine (Cambridge). 

“ Trifluoroacetic Acid and its Derivatives,’ by J. C. Tatlow (Birmingham). 


The meeting consisted of an afternoon session, with an interval for tea at 4.30 p.m., 
and an evening session commencing at 8 p.m. At the close of each session a discussion 
took place on the papers presented. During the meeting a number of exhibits dealing 
with the chemistry of fluorine compounds were on view. 

Concluding the Symposium, the Chairman expressed the thanks of the meeting to 
the contributors, and to the Royal Institution for the facilities provided. 





OFFICIAL ANNOUNCEMENTS 
The Council regret to announce the deaths of the following Fellows : 


Elected. Died. 
Sidney Billbrough (Knottingley) Mar. 27th, 1941. Nov. 16th, 1949. 
Clifford Brown (Baildon) Apr. 24th, 1941. Oct. llth, 1949. 
Robert Saunderson Cahill (York) — 15th, 1893. Oct. 4th, 1949. 
Thomas Southall Dymond (St. Leonards) eb. 6th, 1890. March, 1949. 
Thomas Slater Price (Edinburgh), C. 1921— 


24, S. 1924—28, T. 1928—31, V.P.1931—34 Feb. 7th, 1901. Oct. 29th, 1949. 


ELECTION OF NEW FELLOWS. 


The following 23 candidates were elected Fellows of the Society on November 17th, 
1949 : 


Herbert Irving Bernstein. 

Philip Alan Berry. 

2 Daddy Billimoria. 
ebabrata Chandra. 

Eric Downing. 

William Sefton. 

David Ginsburg. 

Water Siegfried Gips. 

Thomas Edward Green. 

George Norton Harvey. 


Arthur Charles Legros Heathfield. 


William Hudson. 


George Reymond Kitteringham. 
Bryan Machin. 

Robert Smith McKee. 
Mary Helen Maguire. 
Daniel Meltzer. 

Ilja Daniel Sonnenschein. 
Colin MacDonald Todd. 
Antony Bruce Trenwith. 
Alan Gordon Ward. 
Pelham Wilder, Jun. 
Ralph George Wilkins. 
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ANNIVERSARY MEETINGS, 1950. 


The Anniversary Meetings of the Society will take place in Edinburgh on March 29th 
and 30th, 1950. The programme will include the One Hundred and Ninth Annual General 
Meeting and The Presidential Address on March 29th. The Faraday Lecture, “ The 
Application of Radioactive Indicators in Biochemical Studies,’ by Professor Dr. G. Hevesy, 
For.Mem.R.S., and the Anniversary Dinner will be held on Thursday, March 30th. Full 
particulars will be circulated to Fellows. 


VACANCIES ON COUNCIL. 


The following vacant places on the Council fall due to be filled at the Annual General 
Meeting to be held in Edinburgh on Wednesday, March 29th, 1950. 


No. of Names of Members 
Vacancies, due to retire, 


President ’ Sir Ian Heilbron 
Vice-President who has filled the Office of President Professor N. V. Sidgwick 
Vice-President who has not filled the Office of President ONE Dr. J. Kenyon 


Elected Ordinary Members of Council : 


Constituency I—South-East England Dr. Frances M. Hamer 
Dr. H. N. Rydon 
Constituency IV—North-East England Dr. G. M. Dyson 


Dr. F. R. Goss 


No vacancies arise for the Office of Honorary Secretary or in Constituencies II, III, 
V, and VI. 

In accordance with Bye-Law 23, the Council have nominated Professor E. K. Rideal to 
the Office of President. Nominations by Fellows for the Offices of President or Vice- 
President should be made in writing and signed by at least twenty Fellows. 

In accordance with Bye-Law 47, Sir Ian Heilbron is appointed a Vice-President who 
has filled the Office of President, and Professor N. V. Sidgwick retires from that Office. 

Fellows resident in a constituency may nominate any Fellow resident in that con- 
stituency for election to the Council to fill a vacancy among Elected Ordinary Members 
of Council allotted to that constituency. Every such nomination must be in writing 
signed by at least fifteen Fellows resident in that constituency. Every nomination must 
relate to one vacant place only, and must be accompanied by a signed declaration by 
the nominee that he is willing to accept office, if elected. 

Fellows may obtain forms of nomination from the General Secretary and should state 
the vacancy for which they are requested. 


MEETING OF COUNCIL. 
A meeting of Council was held on November 17th, 1949. 
The President agreed to send the congratulations of Council to the following to whom 
awards had been made by the Royal Society : 
The Copley Medal. 
Professor Dr. G. C. Hevesy. 


The Royal Medal. 
Professor R. A. Peters. 


The Davy Medal. 
Professor A. R. Todd. 


The report of the meeting of the Publication Committee held on October 20th, 1949, 
was received, and approval was given for an ad hoc sub-committee to be constituted to 
consider sugar nomenclature. A statement regarding the publication position was also 
received and it was noted that the arrears of publication had been considerably reduced. 
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It was learned that a legacy of £1000 bequeathed by the late Robert John Flintoff 
had now become payable. The conditions of the bequest had been agreed between the 
Society and legator in 1932, and the income from the legacy is to be devoted to the award, 
once in every three years, of the Flintoff Prize consisting of a Medal, the design of which 
is under consideration, and a sum of money. Further particulars will be announced at a 
later date. 

The thanks of the Society have been conveyed to Professor G. D. Hale Carpenter 
for the gift of a bronze medallion of Dumas, to Mrs. Goldsmith who had presented an 
original oil portrait of Dr. Thomas Thomson (Vice-President of the Society from 1844 
to 1846) in memory of the late Dr. J. N. Goldsmith, to Mr. D. Homes for a gift of money 
towards the cost of publications, and to Professor A. J. Allmand and Mr. C. H. Vasey 
for gifts of the Society’s publications. 

The list of representatives of the Society on other bodies was revised, and acknéw- 
ledgment of the services rendered by retiring representatives was made. 

Certain matters of a formal and financial nature were conducted. 


BRITISH STANDARDS INSTITUTION. 


The following drafts of British Standards Specifications have been received for technical 
comment : 


CK(LCB)7403—4th Draft British Standard for Micro-Dumas Nitrogen Combustion 
Train. 

CK(LBC)7402—3rd Draft British Standard for Pregl Micro-combustion Train for 
Halogens and Sulphur. 


These have been placed in the Library, and Fellows wishing to make technical com- 
ment are requested to do so before January 14th, 1950, to the British Standards Institution 
24/28, Victoria Street, London, S.W.1. 





MEETINGS OUTSIDE LONDON 
BIRMINGHAM. 


“ Chemical Constitution and Biological Activity,” by Dr. W. A. Sexton, F.R.I.C. 


A joint meeting with the University Chemical Society was held in the Medical Lecture 
Theatre of the University on December 2nd, 1949, with Professor M. Stacey in the Chair. 

Dr. Sexton discussed the relationships between chemical constitution and biological 
activity on the basis of two postulates, (1) that a biologically active molecule must be 
capable of combining by unions of varying degrees of firmness with some cell constituent 
or constituents and, (2) that the activity can be modified in certain well-recognised ways 
by the alteration of the physicochemical properties of the molecule. These principles 
were illustrated by examples taken from various biological fields such as anesthetics, 
antibacterial and antiprotozoal drugs, insecticides, and plant regulators. The theory 
of metabolite antagonism was also considered in its relationship to the wider approach 
indicated by the two postulates. 

After an interesting discussion a vote of thanks to the Lecturer was proposed by 
Dr. E. J. Bourne and carried unanimously. 


BRISTOL. 
“‘ What is a Chemical Bond?” by Professor C. A. Coulson, M.A., D.Sc. 


A joint meeting with the local sections of the Royal Institute of Chemistry and the 
Society of Chemical Industry was held in the Chemistry Department of the University 
on November 3rd, 1949, with Dr. F. H. Pollard in the Chair. 

Professor Coulson pointed out that no satisfactory description of a bond is possible 
without some use of wave mechanics. In its simplest form this theory shows that a pair 
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of electrons—in general, one from each atom—combine together to form a charge dis- 
tribution localised in the region of the bond. The strength of the bond depends very 
markedly on the extent to which the original ‘‘ charge-clouds ” of the two electrons over- 
lap each other : to form a bond, the two electrons must have opposed, or coupled, spins. 

This process of pairing often requires us to mix, or hybridise, the original atomic orbits : 
without such hybridisation maximum overlapping cannot be achieved and the pairing 
itself is not unique. When this effect is duly taken into consideration, both the 
small differences in bond length (e.g., C-H) according to environment, and also the theory 
of strain (e.g., cyclopropane), find a natural explanation; but the bonds become slightly 
delocalised. This delocalisation is revealed particularly clearly in the phenomenon of 
hyperconjugation. 

After a stimulating discussion, a vote of thanks to Professor Coulson, proposed by 
Dr. D. D. Eley, was carried with acclamation. 


EDINBURGH. 
“‘ The Cow—Mankind’s Benefactress,’’ by Mr. E. B. Anderson, M.Sc., F.R.I.C. 


A joint meeting with the local sections of the Royal Institute of Chemistry and the 
Society of Chemical Industry was held in the North British Station Hotel on October 20th, 
1949, with Professor S. J. Watson in the Chair. 

Mr. Anderson gave an interesting account of the production of milk, cheese, etc., and 
showed how limited was our knowledge of the chemistry of the processes involved. After 
a lively discussion a vote of thanks proposed by Professor H. Nicol was heartily recorded. 


“‘ Radical Chemistry applied to problems in the Hydrocarbon, Drying Oil, and Rubber 
Fields,” by Dr. E. H. Farmer, F.R.S., F.R.1.C. 


A joint meeting with the local sections of the Royal Institute of Chemistry and the 
Society of Chemical Industry was held in the North British Station Hotel on November 
17th, 1949, with Dr. Neil Campbell in the Chair. 

Dr. Farmer, after outlining the general principles of radical chemistry and resonance, 
showed how these are used in explaining the properties and reactions of certain types of 
olefinic compounds. A lively discussion followed, and the meeting ended with a hearty 
vote of thanks to the lecturer proposed by Dr. D. M. Wilson. 


EXETER. 
“ Corrosion Inhibitors,” by Dr. U. R. Evans, M.A., F.R.S. 


A Joint meeting with the local sections of the Royal Institute of Chemistry and the 
Society of Chemical Industry was held in the Washington Singer Laboratories on November 
25th, 1949, with Professor H. T. S. Britton in the Chair. 

After outlining modern views on corrosion—particularly his differential aeration 
theory—Dr. Evans went on to deal with the actions of corrosion inhibitors; he explained 
that these were of two kinds, anodic and cathodic inhibitors, the former being the more 
efficient, though attended by certain disadvantages. 

After the lecture Dr. Evans replied to questions, and the vote of thanks, proposed 
by Dr. N. O. Clarke, was carried with enthusiasm. 


“Catalysis and the Surface Levels of Copper Oxide,’’ by Professor W. E. Garner, 
C.B.E., D.Sc., F.R.S. 


A joint meeting with University College Scientific Society was held in the Washington 
Singer Laboratories on December 2nd,.1949, with Professor H. T. S. Britton in the Chair. 

After outlining modern views on the mechanism of catalysis, Professor Garner gave 
an account of his own very interesting and recent work on the catalytic properties of 
evaporated films of copper. The techniques used included the measurement of the con- 
ductivity of the films in the presence of oxygen, and measurements of the heat of adsorp- 
tion (chemisorption). The catalysed reaction studied was that between carbon mon- 
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oxide and oxygen. The Lecturer discussed the interpretation of his experimental results, 
and in particular stressed the part played by Frenkel steps on the surface of the copper. 

At the conclusion of the lecture, the vote of thanks, proposed by Mr. E. G. J. Willing, 
was carried with enthusiasm. 


EIRE. 
“‘ Methods of Biological Assay,”’ by Mr. A. L. Bacharach, M.A., F.R.L.C. 


A joint meeting with the Werner Society was held in the Department of Chemistry, 
Trinity College, Dublin, on October 21st, 1949, with Professor R. A. Q. O’Meara in the 
Chair. 


“Some Biologically Active Phenazine Derivatives,” by Mr. J. G. Belton, M.Sc., 
A.R.LC. 


A meeting was held in the Department of Chemistry, University College, Dublin, on 
November 2nd, 1949, with Dr. V. C. Barry in the Chair. 

The Lecturer reviewed the use of various dyestuffs as potential chemotherapeutic 
agents against tuberculosis. 

The observations that an acid solution of 2-aminodiphenylamine, on storage, assumed 
a red colour and that this phenomenon was associated with an increase in biological 
activity, led to a study of the oxidative action of ferric chloride on the solution. A review 
of the literature followed, indicating that the addition of this reagent to an acid solution 
of o-phenylenediamine produced 2 : 3-diaminophenazine and that the reaction on 2-amino- 
diphenylamine followed a similar oxidative condensation mechanism to give 3-imino-2- 
anilino-5-phenylphenazine. A number of derivatives of this pigment were prepared, 
supporting the scheme of the reaction as outlined by the Lecturer. These pigments had a 
remarkably high antitubercular activity im vitro, which is retained to a large extent in 
the presence of human serum, and they have been shown to exercise a suppressive effect 
on experimentally induced tuberculosis in the animal. 


The lecture was followed by a brisk discussion, and the thanks of the meeting were 
conveyed by the chairman to Mr. Belton. 


GLASGOW. 


“Modern Theories of Chemical Valency,” by Sir John Lennard-Jones, K.B.E., D.Sc., 
F.RS. 


A meeting was held in the Chemistry Department of the University on November 25th, 
1949, with Professor F. S. Spring in the Chair. 

Starting from the concepts of stationary states, electronic spin, the exclusion 
principle, indistinguishability of electrons, and minimisation of potential energy, Sir 
John Lennard-Jones discussed the form of the periodic table, the structures of homo- 
and hetero-nuclear diatomic molecules, and those of many unsaturated and conjugated 
organic molecules and radicals. Professor J. M. Robertson proposed a vote of thanks. 


LIVERPOOL. 

“ Editing for the Chemical Society,” by Dr. R. S. Cahn, M.A., F.R.L.C. 

A meeting was held in the Chemistry Lecture Theatre of the University on October 27th, 
1949, with Professor A. Robertson in the Chair. 

A vote of thanks to the Lecturer for his very entertaining and illuminating address 
was proposed by Mr. W. Doran and carried with enthusiasm. 

“ Radiation Induced Polymerisation,” by Dr. M. Magat. 

A meeting was held in the Chemistry Lecture Theatre of the University on November 
16th, 1949, with Professor C. E. H. Bawn in the Chair. 


A discussion followed Dr. Magat’s lecture, and a vote of thanks, proposed by Mr. 
C. A. McDowell, was carried with acclamation. 
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NORTH WALES. 
“‘ A New Type of Aromatic Compound,” by Professor Wilson Baker, M.A., D.Sc., F.R.S. 


A joint meeting with University College of North Wales Chemical Society was held 
in the Department of Chemistry, University College of North Wales, Bangor, on November 
24th, 1949, with Mr. S. J. Pirt in the Chair. 

After reviewing Earl’s work on the preparation and hydrolysis of sydnones, Professor 
Baker outlined the considerations which had led to the postulation of meso-ionic struc- 
tures for these compounds. The variety of interesting chemical reactions exhibited by 
these compounds was described, and a brief summary was given of optical and dipole- 
moment measurements. Lines of investigations, from which further evidence on mole- 
cular structure was being sought, were outlined, and the possibility of other compounds 
occurring as meso-ionic structures was considered. 

An interesting discussion followed, and the cordial thanks of the audience were con- 
veyed by Professor S. Peat and Mr. M. G. Lines. 


NOTTINGHAM. 
“‘ Organic Compounds of Fluorine,” by Professor M. Stacey, D.Sc., F.R.I.C. 


A joint meeting with the University Chemical Society was held in the Department 
of Chemistry at the University on November 10th, 1949, with Professor F. E. King in 
the Chair. 

Professor Stacey described in detail the various methods for introducing fluorine into 
organic compounds, indicating the extent of fluorination produced in each case. The 
conditions necessary to produce the fully fluorinated compounds were discussed. The 
importance and possible uses of the various partly or fully fluorinated compounds in 
industry were indicated, particular mention being made of the refrigerants and plastics. 
Finally, Professor Stacey described the preparation and reactions of trifluoroacetic acid 
and mentioned the very useful applications of this compound in the acetylation and 
benzoylation of cellulose without degradation. 

Interesting details of the experimental techniques involved in working with these 
compounds and in their analysis were given throughout the lecture. 

Dr. B. D. Shaw warmly thanked Professor Stacey for his most interesting lecture. 


SHEFFIELD. 
“Some Aspects of the Organic Chemistry of Fluorine,”’ by Dr. C. W. Suckling. 


A joint meeting with the University Chemical Society was held in the Chemistry 
Lecture Theatre of the University on November 3rd, 1949, with Professor R. D. Haworth 
in the Chair. 

Dr. Suckling dealt with the aromatic fluoro-compounds, and drew attention first to 
the low reactivity of fluorine when present as the only substituent : if activating groups 
such as NO, are present the position is reversed, and fluorine then becomes the most 
mobile of the halogens. In the second place, Dr. Suckling dealt with the influence of 
fluorine on other groups in the molecule. From the electronic point of view the inductive 
pull of a fluorine atom—as shown by fluoroacetic acid—is large. But when coupled to a 
benzene nucleus this is offset by a mesomeric release of electrons greater than that given 
by the other halogens. The net effect is that fluorine is here the least electron-attractive 
of the halogens; and in some cases it may actually be electron-donating, p-fluorophenol 
being a weaker acid than phenol. 


SOUTHAMPTON. 


“‘ Macromolecular Studies with the Electron Microscope,” by Professor W. T. Astbury, 
F.R.S. 


A joint meeting with University College Chemical Society was held in the Physics 


Department of University College on November 25th, 1949, with Dr. A. R. Burkin in the 
Chair. 
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Professor Astbury discussed, with the aid of numerous slides, some recent work on 
viruses and other macromolecular structures. He included a brief account of the tech- 
nique of “metal shadowing,” and also indicated a possible mechanism for the 
biogenesis of fibre-like macromolecules. 

After the discussion, Professor N. K. Adam proposed a vote of thanks to Professor 
Astbury which was warmly accorded. 


SOUTH WALES. 
“ Aromatic Nitration,” by Professor C. K. Ingold, D.Sc., F.R.S. 


Joint meetings with the local section of the Royal Institute of Chemistry and the 
Chemical Societies of University College, Cardiff, and University College, Swansea, were 
held at University College, Cardiff, on October 27th, 1949, and at University College, 
Swansea, on October 28th, 1949, with Professor C. W. Shoppee in the Chair on each 
occasion. 

Professor Ingold described the evidence obtained by various physico-chemical 
approaches which led to identification of the nitronium ion as the nitrating agent and to 
the elucidation of the mechanism of the nitration process. 


“ The Reactions of Free Radicals in Solution,” by Professor M. G. Evans, D.Sc., F.R.S. 

A joint meeting with University College Chemical Society was held at University 
College, Swansea, on November 18th, 1949. 

Professor Evans showed how both the initiation and subsequent course of polymeris- 
ation reactions afford opportunities for the quantitative study of radical reactivity. 


“Some Recent Advances in the Physical Chemistry of High Polymers,” by Dr. G. Gee, 
M.Sc., A.R.L.C. 


A joint meeting with University College Chemical Society was held at University 


College, Cardiff, on November 30th, 1949, with Mr. D. Williams in the Chair. 





LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objections to the clection of these candidates should communicate with the 
Honorary Secretaries within ten days of the date of publication of the Journal for December, 1949. Such 
objections will be treated as confidential. The forms of application are available in the Library.) 


*Alexander, John Alan, B.A. (T.C.D.). British. 28, Trinity College, Dublin. Research Student. 
Signed by : W. Cocker, C. Lipman, K. C. Bailey. 

Atkinson, Robert Oldham, A.R.I.C. British. 10, Parkside Way, North Harrow. Industrial Chemist. 
Signed by : E. J. Chappel, J. Harris, C. Simons. 

Barry, Cyril Peter, B.Sc. (Lond.). British. 3, Bolgoed Place, Merthyr Tydfil. Research Student, 
King’s College, London. Signed by : S. H. Harper, J. Honeyman, G. H. Williams. 

*Bates, Herbert Geoffrey Charles, B.Sc. (Manc.)., A.R.ILC. British. 67, Slade Lane, Longsight, 
Manchester, 13. Research Student. Signed by : G. N. Burkhardt, E. R. H. Jones, E. Whittle. 

*Batterbee, Brian. British. 1, LucasStreet, Bury. Student. Signed by : A.S.C. Lawrence, E. Roth- 
well, P. A. H. Wyatt. 

*Benton, Donald Peter. British. 42, Fairview Crescent, Harrow. Student. Signed by: J. Kenyon, 
G. A. H. Elton, C. L. Arcus. 
*Bernamont, Lionel Frederick. British. 35, North Drive, Wavertree, Liverpool, 15. Student, Liver- 
pool College of Technology. Signed by: A. E. Findlay, H. H. Armstrong, L. H. W. Hallett. 
*Blood, Cyril Thomas, B.Sc. (Lond.), A.R.C.S. British. 4, Ford Lane, Blisworth, Northampton. 
Research Student, Imperial College, London. Signed by: R. P. Linstead, H. V. A. Briscoe, 
A. A. Eldridge. 

Brown, Donald Douglas, B.Sc. (Sydney). British. Nuffield Foundation House, 33/34, Leinster Gardens, 
W.2. Research Student. Signed by : I. G. Ross, P. B. D. de La Mare, R. S. Nyholm. 

Brown, John Watson, M.A. (Cantab.). British. Brown & Forth, Ltd., Clifton House, 83—117, Euston 
Road, N.W.1. Managing Director. Signed by : E. Higgins, A. M. Taylor, G. W. Ferguson. 

*Christmas, Ronald John. British. 91, London Road, Bexhill-on-Sea. Student. Signed by: N. H. 
Pratt, C. A. Lewis, J. H. Waton. 
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Clark-Lewis, John William, B.Pharm. and B.Sc. (Lond.), A-R.I.C., Ph.C. British. Chemistry Dept., 
The University, Nottingham. Assistant lecturer. Signed by : M. W. Partridge, T. J. King, F. C. 
Cooper. 

*Coles, John Alexander, B.Sc. (Lond.), A.R.C.S. British. 18, Allan Way, Acton, W.3. Research 
Student. Signed by: E. A. Braude, A. H. Cook, C. T. Timmons. 

Cram, Donald J., M.S. (Nebraska), Ph.D. (Harvard). American. Department of Chemistry, University 
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Signed by : D. Y. Curtin, T. G. Halsall, S. Winstein. 

Davis, Boyce Ian David, B.Sc. (L’pool). British. 30, Alexandra Road, Stockton Heath, Warrington. 
Student at Liverpool University. Signed by : A. McGookin, W. B. Whalley, R. J. S. Beer. 

Davis, Jack, B.Sc. (Lond.), A.R.I.C. British. Ever Ready Co. (G.B.), Ltd, Victoria Works, Rainham 
Road South, Dagenham. Chief Chemist. Signed by : E. S. Bacon, D. Ridge, W. J. Grant. 

Elias, David Geoffrey, B.Sc. (Manc.). British. c/o Henry Simon, Ltd., P.O. Box 31, Stockport. Con- 
sulting analyst. Signed by : S. W. Butterworth, J. D. Mounfield, W. P. Ford. 

Fletcher, Thomas Edward, B.Sc. (Lond.). British. The Old Mill House, Barnack, Nr. Stamford. 
Research Student at the London School of Hygiene and Tropical Medicine. Signed by: D. O. 
Jordon, F. E. King, C. C. Addison. 

*Gledhill, John James. British. Fishermans Arms, Church Walk, Worksop. Student. Signed by: 
E. Dernie, J. Chadwick, G. Holt. 

*Gunton, Roy Reginald. British. 76, Ainslie Wood Gardens, S. Chingford, E.4. Student at Merton 
College, Oxford. Signed by: P. V. Clifton, G. G. Coker, C. S. G. Phillips. 

*Halliday, George Gerrard, M.Sc. (Lond.), F.R.I.C. British. 79, Crabtree Lane, Harpenden. Plant 
Manager. Signed by: F. Bergel, J. A. Emlyn, A. A. Evans. 

*Halstead, Robert. British. 2, Knowl Gap Avenue, Haslingden, Rossendale. Student at Blackburn 
Technical College. Signed by : J. E. Wynfield Rhodes, A. Walton, J. Grundy. 

Harvey, Ernest Alfred, M.Sc. (Lond.), F.R.I.C. British. 112, Harrow Road, Wollaton Park, Notting- 
ham. Assistant Production Manager (Chemical), Boots Pure Drug Co., Ltd. Signed by : B. Gar- 
forth, J. R. Jarratt, R. W. Hale. 

*Howe, Brian Keith, A.R.I.C. British. 49, Myddleton Road, Wood Green, N.22. Student. Signed 
by: R. H. Hall, E. S. Stern, D. Quin. 

*Isaacs, Michael David Jesse. British. 9, Green Lane, Hendon, N.W.4. Student. Signed by: 
W. Gerrard, H. J. S. King, D. R. Tucker. 

*Kies, Norman Frederick. British. 46, Kynaston Road, Bromley. Student, University College, 
Southampton. Signed by: K. R. Webb, E. Cartmell, A. R. Burkin. 

Knight, Edwin Coulthard, Ph.D. and M.Sc. (Man.), A.-R.I.C. British. c/o Chemist’s Laboratory, 
A. Guinness, Son & Co., Ltd., Watling Street, Dublin, W.4. Research Biochemist. Signed by : 
A. K. Mills, G. A. F. Harrison, R. O. V. Lloyd. 

*Laird, Walter Edward, B.Sc. (Lond.). British. 13, Seymour Road, Shirley, Southampton. Research 
Student. Signed by : K. R. Webb, E. Cartmell, N. B. Chapman. 

*Lee, Arnold Cooper. British. 2, Clyde Terrace South, Victoria Lane, Coundon, Nr. Bishop Auckland. 
Scientific Technologist, National Coal Board. Signed by : P. A. Barker, J. W. Porteous, T. H. Hopper. 
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*Lowenstein, John Martin. British. 45, Gilmour Road, Edinburgh 9. Student. Signed by: E. L. 
Hirst, E. G. V. Percival, C. C. Miller. 
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Sheppard, Norman, M.A. and Ph.D. (Cantab.). British. St. Catherine’s College, Cambridge. Research 
in the Department of Colloid Science. Signed by : F. S. Dainton, C. Kemball, Delia M. Simpson. 

Silman, Harold, B.Sc. (Lond.), F.R.I.C., A.M.I.Chem.E. British. 47, Ralph Road, Shirley, Birming- 
ham. Chief Chemist, Joseph Lucas, Ltd. Signed by: Stella Constantine, B. W. Hirsh, J. E. 
Garside. 

*Skerrett, Edward John, A.R.I.C. British. 79, Alma Vale Road, Clifton, Bristol 8. Student. Signed 
by : D. Woodcock, H. Martin, A. Pollard. 

*§pall, Brian Clifford. British. 17, Broadoaks Way, Bromley. Student at Oxford University. 
Signed by : W. A. Waters, F. M. Brewer, W. S. Metcalf. 

*Taylor, Robert Desmond. British. 7, Lightmoods Hill, Worley, Birmingham. Student at Bir- 
mingham University. Signed by: M. Stacey, S. R. Carter, H. W. Melville. 

*Thompson, Malcolm. British. 93, Hemper Lane, Sheffield, 8. Student at Sheffield University. 
Signed by : A. S. C. Lawrence, T. S. Stevens, W. R. Bamford. 

Torkington, Peter, B.A. and D.Phil. (Oxon.). British. 39a, Palliser Road, W. 14. Research Chemist, 
Courtauld’s, Ltd. Signed by: R. E. Richards, J. W. Linnett, H. W. Thompson. 

*Turton, Cecil Nigel. British. 2, Coles Lane, West Bromwich. Student. Signed by: M. Stacey, 
H. W. Melville, S. R. Carter. 

Vandrewala, Hosang Pirojshaw, M.Sc. (Bombay), M.S. (Brooklyn). Dyson Perrins Laboratory, South 
Parks Road, Oxford. Signed by : R. Robinson, L. J. Goldsworthy, R. F. M. Paul. 

*Veitch, David Pentland. British. 8, Eridge Road, Hove 4. Student. Signed by: T. J. Morrison, 
C. A. Lewis, N. H. Pratt. 

*Wade, Peter, B.Sc. (Lond.). British. 585, Wellroyd Crescent, Highroad Well, Halifax. Signed by : 
A. G. Pollard, A. A. Eldridge, H. V. A. Briscoe. 

*Webb, Roy Arthur, B.Sc. and B.Pharm. (Lond.). British. 4, Higham Road, Woodford Green. 
Research Student at London University. Signed by: A. M. El-Abbady, E. A. I. Haiba, A. S. 
Shoukry. 

Webster, Alec, M.Sc. (Leeds), M.I.Chem.E., A.R.I.C. British. 181, Mutton Lane, Potters Bar. Safety 
Officer. Signed by : H. J. T. Ellingham, R. L. Collett, D. W. Kent-Jones. 

*Webster, Alfred Bentley. British. 14, Rostherne Avenue, Wallasey. Student at Merton College, 
Oxford. Signed by : C.S.G. Phillips, R. J. P. Williams, W. A. Waters. ° 

Wheelock, Charles Edward, M.S. and D.Sc. (Cincinnati), B.S. (Clarkson, N.Y.). American. 42, Hert- 
ford Drive, Wallesey. I.C.I. Research Fellow at Liverpool University. Signed by : W. B. Whalley, 
G. W. K. Cavill, R. M. Gascoigne. 

Williams, John Llewellyn, D.S.O., Ph.D. (Lond.). British, 4, Woodville Gardens, Ealing, W. 5. Head 
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F. E. Smith, Elsa M. Cordes. 
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Beckmann, Charles Otto, B.S. (Broxklyn), A.M. and Ph.D. (Columbia). American. 868, Chandler 
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Franko-Filipasi¢é, Borivoj Richard Simon, S.B. (North Western). American. 1653, Walnut Avenue, 
Des Plaines, Illinois, U.S.A. Student. Signed by : F. G. Bordwell. 
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Gerbert, Samuel Michael, B.S. (N.Y.), M.A. (Columbia). American. 45—15 40th Street, Long Island 
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Murray, James, M.Sc. (N.Z.). British. Chemistry Department, University of Otago, Dunedin, N.1. 
New Zealand. Assistant Lecturer in Chemistry. Signed by : F. G. Soper, M. Irwin. 

Newman, Melvin Spencer, B.S. and Ph.D. (Yale). American. 1977, Coventry Road, Columbus 12, 
Ohio, U.S.A. Professor of Chemistry. Signed by : C. L. Wilson. 

Pitha, Carl Albert, M.S. (Brooklyn). American. Department of Chemistry, Pennsylvania State 
College, State College, Pennsylvania, U.S.A. Signed by : G. J. Janz. 

Roberts, Royston Murphy, M.A. and Ph.D. (Illinois). American. Department of Chemistry, University 
of Texas, Austin, Texas, U.S.A. Assistant Professor of Chemistry. Signed by : S. Winstein. 
Rogier, Edgar Robert, B.S. (Illinois). American. Department of Chemistry, University of Minnesota, 

Minneapolis 14, Minnesota, U.S.A. Research Student. Signed by: L. I. Smith. 
Veelak, Vladimir, D.Tech.Sc. (Prague). Czechoslovak. 10, Na Vyhlidce, Karlovy Vary, Czechoslovakia, 
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PAPERS RECEIVED 
(List of papers received between November 10th and December 5th, 1949.) 


“‘ Crossed reaction chains in oxidation by molecular oxygen. Part I. Oxidation of hydro- 

carbons in aldehyde-air mixtures.””’ By N. J. H. SMALL and A. R. UBBELOHDE. 

‘“‘ The structure of peach gum. Part I. The sugars produced on hydrolysis of the gum.” 
By J. K. N. JONEs. 

“The kinetics of aromatic halogen substitution. Part VII. Nitrosobenzene and azo- 
benzene.” By P. W. Rosertson, T. R. HitcHincs, and G. M. WILL. 

“Compounds related to thiosemicarbazide. Part IV. 5-Amino-3-phenyl-1 : 2 : 4-tri- 
azoles.”” By Eric HOGGARTH. 

“Compounds related to thiosemicarbazide. Part V. 4: 5-Diamino-3-phenyl-4: 1 : 2- 
triazole.” By Eric HOGGARTH. 

‘“* Reduction by dissolving metals. Part VII. The reactivity of mesomeric anions in 
relation to the reduction of benzene rings.”” By ARTHUR J. BIRCH. 

“‘ Acenaphthene series. Part III. Orientation of tert.-butyl- and di-tert.-butyl-acenaphth- 
ene, and preparation of new derivatives.”” By H. E. NurRsTEN and A. T. PETERs. 

“Studies in the polyene series. Part XXXVI. Further syntheses of acetylenic acids 
related to vitamin A.” By T. Bruun, Sir IAN HEILBron, B. C. L. WEEDON, and 
R. J. Woops. 

“‘Diterpenes. Part II. The optical rotation of Hosking’s kaurene.”’ Linpsay H. Briccs 
and W. I. TAYLor. 

“ The structure of molecular compounds. Part IX. A compound of xenon and quinol.” 
By H. M. PowELt. 

“ Polarographic reduction of some heterocyclic molecules. Part I. The reduction of 
cinchoninic acid.” By D. J. Casimir and L. E. Lyons. 

“ The electrolytic dissociation of lanthanum ferricyanide in mixed solvents.” By J. C. 
JAMES. 

“‘ Studies in the azole series. Part XXV. The action of bases on 2-thiothiazolid-5-one.” 
By A. H. Cook and A. L. Levy. 

“Studies in the azole series. Part XXVI. The action of bases on 2-thio-4-methyl- 
thiazolid-5-one.”” By A. H. Cook and A. L. Levy. 

“‘ Studies in the azole series. Part XXVII. A new method of peptide synthesis—glycyl 
peptides.” By A. H. Coox and A. L. Levy. 

“Studies in the azole series. Part XXVIII. A new method of peptide synthesis— 
alanyl peptides.” By A. H. Cook and A. L. Levy. 

“‘ Dimorphism of acenaphthene-3-aldehyde.”” By John H. Gorvin. 

“Studies of indene derivatives. Part VII. New reactions of triketoindane and experi- 
ments with hydrindantin and related substances.” By RADWAN MOUBASHER, 
WILLIAM IBRAHIM AWAD, MousTAFA IBRAHIM, and ABD-EL Mocip OTHMAN. 


“ The heats of hydrolysis of the benzoyl halides.” By A. S. Carson, H. O. PriTcHARD, 
and H. A. SKINNER. 
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“ Colchicine and related compounds. Part X.” By J. W. Cook, T. Y. JoHNstTon, and 
J. D. Loupon. 

“The chemistry of the Mitragyna genus. Part I.” By G. M. Bapcer, J. W. Coox, 
and P. A. ONGLEY. 

“ A study of the formation of silicomolybdic acid and of its reduction by stannous chloride, 
with special reference to the absorptiometric determination of silicon. Part I. 
General introduction. The extinction behaviour of solutions of pure (alpha-)silico- 
molybdic acid.” By J. D. H. STRICKLAND. 

“ A study of the formation of silicomolybdic acid and of its reduction by stannous chloride, 
with special reference to the absorptiometric determination of silicon. Part II. 
The formation and dissociation of (alpha-)silicomolybdic acid in solution.” By 
J. D. H. STRICKLAND. 

“ A study of the formation of silicomolybdic acid and of its reduction by stannous chloride, 
with special reference to the absorptiometric determination of silicon. Part III. 
The reduction of the molybdates, Absorptiometric studies of the reduction of (alpha-)- 
silicomolybdic acid.”” By J. D. H. STRICKLAND. 

“ A study of the formation of silicomolybdic acid and of its reduction by stannous chloride, 
with special reference to the absorptiometric determination of silicon. Part IV. 
Electrometric studies and oxidation experiments with the reduction products of (alpha-)- 
silicomolybdic acid; the probable structure of the reduction compounds.” By 
J. D. H. STRICKLAND. 

“ Deoxy-sugars. Part IX. Some properties and reactions of 2-deoxy-D-galactose.”” By 
W. G. OVEREND, F. SHAFIZADEH, and M. STACEY. 

“1:2:5:6-Tetrahydropyridine. Isolation from technical piperidine by efficient frac- 
tional distillation.” By W. H. Daviss and L. L. McGEE. 

“ ‘Leaf alcohol’ and the stereochemistry of the cis- and trans-hex-3-enols and -pent-3-enols.”’ 
By LESLIE CROMBIE and STANLEY H. HARPER. 

“ The purification of lutecium by fractionation of hexantipyrine lutecium iodide.” By 
JosEPH K. MARSH. 

“ Optical activity dependent on a six-covalent bivalent osmium complex.” By F. H. 
BurRsTALL, F. P. Dwyer, and (Miss) E. C. GYAFAs. 

“‘ Some notes on the chemistry of certain naphthothiazoles.” By W. A. Boccust, WESLEY 
CockER, J. C. P. Schwarz, and E. R. STUART. 

“Some meso-amino-acridines and -quinolines derived from 2-aminodiphenyl.” By J. H. 
WILKINSON. 

“ Antituberculous compounds. Part VI. #-(w-Alkoxyalkoxy)-N-arylbenzamidines and 
analogues.”” By F. C. CoopER and M. W. PARTRIDGE. 

“Studies of the exchange reactions of solid oxides. Part I. The exchange of 
oxygen isotopes between oxygen gas and certain metallic oxides.” By E. R. S. 
WINTER. 

“ Studies of the exchange reactions of solid oxides. Part II. The exchange of oxygen 
between water vapour and certain metallic oxides.” By E. WHALLEY and E. R. S. 
WINTER. 

“ The solubility products of ferrous and ferrosic hydroxides.” By T. V. ARDEN. 

“A synthesis of derivatives of o-phenylene-ethylenediarsine and of o-phenylenetri- 
methylenediarsine.” By R. H. GLAVERT and FREDERICK G. MANN. 

“ The formation and properties of 2 : 2’-dicyanodiethyl sulphide.” By J. H. MacGREGOR 
and C. PuGu. 

“Organo-lead compounds. Part III. Trialkyl-lead sulphonamides.” By B. C. 
SAUNDERS. 

“Studies of antibiotics. Part IV. Substituted w-phenylsulphonylacetophenones, and 
bis(phenylthio)- and bis(phenylsulphonyl)-alkane derivatives.” By F. BERGEL, 
A. L. Morrison, and H. RINDERKNECHT. 

“ The chemistry of adrenochrome and its derivatives.” By JoHN HARLEY-MASON. 

“ Diterpenes. Part III. The diterpenes from Podocarpus ferrugineus.” By Linpsay H. 
Briccs, R. W. Caw ey, J. A. Loz, and W. I. TayLor. 
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“* Diterpenes. 


Part IV. The isolation of phyllocladene from the essential oil of Podo- 


carpus spicatus, grown in the North Island of New Zealand.’’ By Linpsay H. Briccs 


and J. A. Log. 
“‘ Branched-chain super-esters.”’ 


By G. W. Youncson and H. W. MELVILLE. 


“A connection between the size of an atom and the magnitude of its mesomeric and 


electromeric effects.” 


“‘ Studies related to natural perfumes. 
By FRANZ SONDHEIMER. 

“ p-Dihalogenoacetylbenzenes.”’ 

“‘ Aryl-2-halogenoalkylamines. Part VI. 
pounds.” By W.C. J. Ross. 

“A preparation of DL-arginine.”’ 


By G. BADDELEY. 
“‘ The cleaning of mercury used in gas analysis.” 
Part I. 


By Norman H. Briccs. 
Concerning cis- and trans-hex-3-en-1-ol.” 


By W. C. J. Ross. 
Reactions with certain organic sulphur com- 


By CHARLES Simons and HERBERT TIMOTHY YOUNG. 


“‘ Aromatic sulphonation. Part I. The ionisation constants of p-nitrotoluene, nitrobenzene, 


and -chloronitrobenzene, and the acidity function of oleum.”’ 


“ Aromatic sulphonation. Part II. 
By J. C. D. BRAND. 
“‘ Synthetic ribonucleoside 2’-phosphates : 


Haynes, and A. R. Topp. 


a correction.” 


By J. D. C. BRanp. 


Kinetics of sulphonation in fuming sulphuric acid.” 


By D. M. Brown, L. J. 





ADDITIONS TO 


I. Donations 


BoarpD OF TRADE. 
and Documents Unit. 
Research Reports. Vol. 2. 
1949. pp. [iv] + 70. ill. 
(Recd. 25/11/49.) From the Unit. 

Postn, D. Q. Mendeleyev: the story of a 
great scientist. New York 1948. pp. xii + 
345. ill. Whittlesey House. $4.50. (Recd. 
7/12/49.) From the Author. 

SAUNDERS, K. H. The aromatic diazo- 
compounds and their technical applications. 
2nd edition. London 1949. pp. xi-+ 442. 
Arnold. 50s. 0d. (Recd. 2/12/49.) 

From the Author. 


Technical Information 
Selected Government 
Paints. London 
H.M.S.O. 5s. Od. 


II. By Purchase 


ASSOCIATION OF LIGHT ALLOY REFINERS. 
Modern methods for the analysis of aluminium 
alloys. London 1949. pp. vii+ 144. ill. 
Chapman & Hall. 13s. 6d. (Recd. 30/11/49.) 

Batpwin, E. An introduction to com- 
parative biochemistry. 3rd edition. Cam- 
bridge 1949. pp. xiii + [iii] + 164. ill. 
Cambridge Univ. Pr. Js. 6d. (Recd. 
24/11/49.) 

Brom, A. V. Organic coatings in theory 
and practice. Amsterdam 1949. pp. xii + 
298. ill. Elsevier. $6.00. (Recd. 30/11/49.) 

Brick, R. M., and Puirturps, A. Structure 
and properties of alloys. 2nd edition. New 
York 1949. pp. xix + 485. ill, McGraw- 
Hill. $6.00. (Recd. 30/11/49.) 


THE LIBRARY 


BRITISH PHARMACEUTICAL CODEX 
London 1949. pp. xxv + 1562. 
Pharmaceutical Pr. 63s. 0d. 

Detory, G. E. Photoelectric methods in 
clinical biochemistry. London 1949. pp. 
x+90. ill. Hilger & Watts. 15s. Od. 
(Recd, 21/11/49.) 

Dieke, G. H., and Duncan, A. B. F. 
Spectroscopic properties of uranium com- 
pounds. (National Nuclear Energy Series, 
Division III, Vol. 2.) New York 1949, 
pp. xviii + 290. ill. McGraw-Hill. $2.75. 
(Recd. 30/11/49.) 

Dixon, M. Multi-enzyme systems: four 
lectures. Cambridge 1949. pp. [iv] + 100 
[ii]. ill. Cambridge Univ. Pr. 7s. 
(Recd. 21/11/49.) 

Foster, J. W. Chemical activities of 
fungi. New York 1949. pp. xviii + 648. 
ill. Academic Pr. $8.00. (Recd. 7/12/49.) 

GREEN, H. Industrial rheology and rheo- 
logical structures. New York 1949. pp. 
xii+ 311. ill. Wiley. $5.50. (Recd. 
30/11/49.) 

Hermans, P. H. Physics and chemistry 
of cellulose fibres, with particular reference to 
rayon. Amsterdam 1949. pp. xxii + 534. ill. 
Elsevier. $9.50. (Recd. 30/11/49.) 

Howarp, A. J. Canning technology. Lon- 
don 1949. pp. viii + 287. ill. Churchill. 
30s. Od. (Recd. 30/11/49.) 

Howes, F. N. Vegetable gums and resins. 
Waltham, Mass. 1949. pp. xxii+ 188. ill. 
Chronica Botanica Co. $5.00. (Recd. 
30/11/49.) 


1949. 
(Reference.) 
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INTERNATIONAL CONGRESS ON ANALYTICAL 
CHEMISTRY, UTRECHT. Analytical chemistry 
and chemical analysis, 1948. Amsterdam 
1948. pp. x + [438]. ill. (From Anal. 
Chim. Acta, 1948, 2.) Elsevier. 25s. Od. 
(Recd. 15/11/49.) 

INTERNATIONAL CONGRESS ON RHEOLOGY, 
HoLtanD, 1948. Proceedings. Amsterdam 
1949. pp. 645. ill. (Reference.) North 
Holland Publishing Co. 25 Guilders. 

Jacoss, M. B. The analytical chemistry 
of industrial poisons, hazards, and solvents. 
2nd edition, New York 1949. pp. xviii + 
788. ill. Interscience. $8.50. (Recd. 
5/12/49.) 

Kent, G. L. The principles of metallo- 
graphic laboratory practice. 3rd_ edition. 
New York 1949. pp. xiv + 520. ill. Mc- 
Graw-Hill. $5.50. (Recd. 30/11/49.) 

KIEFFER, R.,and Hotop,W. Pulvermetal- 
lurgie und Sinterwerkstoffe. Berlin 1948. 
pp. ix + 412. ill. Springer. DM36. (Recd. 
24/11/49.) 

LEMBERG, R., and LeccrE, J. W. Hematin 
compounds and bile pigments: their consti- 
tution, metabolism, and function. New York 
1949. pp. xxv + 745 + [iii]. ill. Inter- 
science. $15.00. (Recd. 30/11/49.) 

LysaGuT, V. E. Indentation hardness test- 
ting. New York 1949. pp. xi+ 288. ill. 
Reinhold. $5.50. (Recd. 30/11/49.) 

Matt, S., and Miatt, L. M. A new dic- 
tionary of chemistry. 2nd edition. London 
1949. pp. ix+ 589. (Reference.) Long- 
mans. 60s. Od. 

Mott, N. F., and Massey, H. S. W. The 
theory of atomic collisions. 2nd edition. 
Oxford 1949. pp. xv + 388. ill. Oxford 
Univ. Pr. 35s. 0d. (Recd. 5/12/49.) 

RUSHBROOKE, G. S. Introduction to stat- 
istical mechanics. Oxford 1949. pp. xiii + 
334. ill. Oxford Univ. Pr. 21s. 0d. (Recd. 


5/12/49.) 
Soppy, F. The story of atomic energy. 


London 1949. pp. Nova 
Atlantis. 20s. 0d. 
STEINER, L. E. 


thermodynamics. 


viii + 136. ill. 
(Recd. 5/12/49.) 
Introduction to chemical 
2nd edition. New York 


1948. pp. xiv + 510. ill. 
$6.00. (Recd. 5/12/49.) 

TayLor, A. An introduction to X-ray 
metallography. London 1945. Reprinted 
(with corrections) 1949. pp. xi-+ 400. ill. 
Chapman & Hall. 36s. Od. (Recd. 8/12/49.) 

THRESH, J. C., BEALE, J. F., and SUCKLING, 
E. V. The examination of waters and water 
supplies. 6th edition. By E. W. TayLor. 
London 1949. pp.xii+ 819. ill. Churchill. 
70s. Od. (Recd. 30/11/49.) 

VILBRANDT, F. C. Chemical engineering 
plant design. 3rd edition. New York 1949. 
pp. x + 608. ill. McGraw-Hill. $6.00. 
(Recd. 30/11/49.) 

Von LogEsecke, H. W. Bananas: chem- 
istry, physiology, technology. New York 
1949. pp. xi+ 189. ill. Interscience. 
$4.00. (Recd. 30/11/49.) 

WEIL, B. H., and Lang, J. C. The tech- 
nology of the Fischer-Tropsch process. Lon- 
don 1949. pp. xii+ 248. ill. Constable. 
22s. 6d. (Recd. 30/11/49.) 

WILLSTATTER, R. Aus meinem Leben. 
[Berlin] 1949. pp. [vi] + 453 + xxxii. ill. 
Verlag Chemie. DM25. (Recd. 18/11/49.) 


McGraw-Hill. 


III. Pamphlets 

Atomic ENERGY RESEARCH ESTABLISH- 
MENT. Isotope Information Office. Radio- 
active and stable isotopes. pp. [ii] + 10 + 
[iii]. ill. (2 Copies.) 

Davigs, L. J. Application of results of 
research to production. Rugby 1949. pp. 4. 

Gurr, G. T. Biological staining methods. 
3rd edition. London [1949]. pp. 28. 

Martin, T. The Royal Institution. 
don 1942. pp. [iii] + 46. ill. 

TEXTILE InstituTE. Handbooks of Textile 
Technology. No.1. Mechanics, Partl. The 
study of movement. By W. A. HANTON. 
Manchester [1940]. pp. [v] + 82. ill. 

No. 2. Silk; its origin, prop- 
erties, and economics. By F. O. Howitt. 
Manchester [1948 ?]. pp. 22. ill. 

No. 3. The identification of, 
Manchester 1948. pp. 10 + 


Lon- 


textile fibres. 
[viii]. ill. 





LOCAL REPRESENTATIVES OF THE CHEMICAL SOCIETY. 


Aberdeen. 


Australia. 
Birmingham. 


Bristol. 
Cambridge. 
Canada. 
Ceylon. 
Edinburgh. 
Eire. 
Exeter. 
Glasgow. 


Hull, 
India. 


Leeds. 
Liverpool. 


Manchester. 


Newcastle and 
Durham. 


New Zealand. 


Northern Ireland. 


North Wales. 
Nottingham. 


Oxford. 
Pakistan. 


St. Andrews and 
Dundee. 

Sheffield. 

South Africa. 


Southampton. 
South Wales. 


J. M. C. Thompson, M.A., D.Phil., F.R.I.C., Chemistry Department, 
Marischal College, The University, Aberdeen. 


T. Iredale, B.Sc., F.R.1.C., The University, Sydney, Australia. 


L. L. Bircumshaw, M.A., D.Sc., Department of Chemistry, The University, 
Edgbaston, Birmingham, 15. 


F. H. Pollard, B.Sc., Ph.D., A.R.I.C., Chemistry Department, The Univer- 
sity, Woodland Road, Bristol. 


B. Lythgoe, Ph.D., Organic Chemistry Department, The University, 
Cambridge. 


W. D. McFarlane, M.A., Ph.D., The Laboratories, The Canadian Breweries 
Ltd., 496, Queen Street East, Toronto, 2, Canada. 


M. U. S. Sultanbawa, B.Sc., A.R.I.C., Department of Chemistry, The 
University, Colombo, Ceylon. 


N. Campbell, D.Sc., Ph.D., Chemistry Department, King’s Buildings, West 
Mains Road, Edinburgh. 


V. C. Barry, D.Sc., F.R.I.C., Chemistry Department, University College, 
Upper Merrion Street, Dublin. 


S. J. Gregg, Ph.D., A.R.C.S., F.R.I.C., Department of Chemistry, Washing- 
ton Singer Laboratories, Prince of Wales’ Road, Exeter. 


J. C. Speakman, M.Sc., Ph.D., Chemistry Department, The University, 
Glasgow, W.2. 


Professor Brynmor Jones, Sc.D., Ph.D., F.R.I.C., University College, Hull. 


Sir Shanti S. Bhatnagar, O.B.E., D.Sc., F.R.S., Council of Scientific and 
Industrial Research, New Delhi, India. 


F. R. Goss, D.Sc., Ph.D., F.R.I.C., The University, Leeds, 2. 


W. B. Whalley, B.Sc., Ph.D., F.R.I.C., Organic Chemistry Department, 
The University, Liverpool. 
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S41. The Combustion of Carbon: Inhibition of Secondary Reactions 
by Volatile Reagents added to the Oxidizing Gas. 


By J. R. ARTHUR and Miss J. R. Bowrine. 


The effects of certain volatile halogen-containing (and other) compounds on'the combustion 
of electrode carbon at 850° is examined. All the additives increase the CO/CO, ratio in the 
combustion products, and the results are interpreted in terms of an interruption of the chain 
cycle bares grew os for carbon monoxide oxidation. The general implications of the results are 
discu , particularly in relation to combustion of beds of solid fuels and the mechanism of fire 
extinction. 


THE object of this investigation was to remove some points of obscurity relating to the reactions 
in fuel-beds in active combustion. A fuel-bed is regarded as an assembly of particles which 
consist predominantly of carbon; and the state of active combustion is taken to imply that the 
carbon surfaces undergoing oxidation are at temperatures greater than 700°. 

The mechanism of oxygen consumption in technical fuel-beds is of obvious industrial 
importance, but much confusion still exists as to the exact nature of the reactions involved. 
Bangham and Thring (Coal Research, Sept. 1944, 48; Trans. Faraday Soc., 1946, 42, 376), in 
attempting to reconcile the results of laboratory scale and technical scale investigation, 
advanced the hypothesis of a two-stage mechanism of oxygen consumption in fuel-beds, only one 
half of the oxygen being considered to react with the carbon to give (mainly) carbon monoxide, 
the remainder reacting with this in the gas phase to give carbon dioxide. Having regard to the 
major role of diffusion processes in determining reaction rates in solid~gas systems at high 
temperatures, it is very difficult on other grounds to explain the extremely short distance of 
oxygen survival in fuel-beds except by a secondary reaction of carbon monoxide with 
oxygen. 

Since at a lower temperature range (500—600°) the wet reaction between carbon monoxide 
and oxygen is known to occur by a chain mechanism, attempts were later made to stop the 
reaction at the first stage by the use of suitable inhibitors such as chlorine and volatile compounds 
thereof. These experiments (Arthur, Nature, 1946, 157, 732; Arthur, Bangham, and Thring, 
J. Soc. Chem. Ind., Symposium on ‘‘ Oxidation of Carbon ’”’, 1949, 68, 1) have shown that 
at temperatures between 750° and 850° the CO/CO, ratio in the primary products can be as high 
as 8 tol. Bridger (Nature, 1946, 158, 236) has reported similar results relating to somewhat 
higher temperatures. 

An alternative approach, the study of the oxidation of electrically-heated carbon filaments 
in oxygen at low pressures, has led to widely divergent results. The position has been partly 
clarified by the experiments of Strickland-Constable (Tvans. Faraday Soc., 1944, 40, 333), who 
has shown that thermionic emission from the carbon filament can give rise to misleading results. 
In agreement with the earlier experiments of Sihvonen (Trans. Faraday Soc., 1938, 34, 1062), 
Strickland-Constable found that carbon monoxide was the main primary product over the whole 
range 900—2000°. He also found the reaction to be of the first order. 

The present paper examines quantitatively the magnitude of the inhibition of the 
CO ——> CO, reaction achieved by various chlorine (and other) compounds. The extent of the 
inhibition is correlated with the nature of the inhibitor and its breakdown products, the possible 
modes of combustion of carbon monoxide, and the probable mechanism whereby inhibition is 
achieved. The effects of the added compounds have been compared, under identical conditions 
of concentration and temperature, and under comparable times of contact. The kinetics of the 
primary reaction which occurs in the presence of the most potent inhibitors of secondary 
reactions will be dealt with in a paper to be published shortly. 


EXPERIMENTAL, 


A simple flow system was used which has already been very briefly described (Arthur, Bangham, and 
Thring, Joc. cit.). It is shown in Fig. 1. An electrode-carbon tube 3-0 cm. long and 1-0 cm. internal 
diameter was fitted tightly in a quartz tube and burnt at 850° in a tube-furnace in a slow stream of air (F) 
(300 c.c./min.) which had been dried over sulphuric acid and magnesium perchlorate. A typical analysis 
of the carbon tubes (supplied by the Morgan Crucible Co.) was C, 99-6; H, 0-1; Ash, 0-5; Moisture, 
0-09%. Accurate determination of the hydrogen and ash contents was difficult, the former because the 
absolute value was very low and the latter owing to the difficulty of burning off the unreactive carbon 
without loss of the more volatile ash constituents (Edwards and Pearce, Nature, 1944, 154, 463). 

A 
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A complete analysis of the ash gave the following results: — 





Constituent. Expressed as % of the ash. 
Rin cccccsccncocccevusecbsccetocvssnsnccesttobcosetsiccescesdecssares SiO, 29-46 
PESO icepcnsiocccacaveveessaskaceacebsssccavcessrosnescteneses B,O 23-40 
EEN NEES eA EO RK ELI Fe,0, 21-81 
—— ees sdasabubehasehnesoeracetececsoonceseseesne Fed 1-18 
uminium and phosphorus Oxides ...........0.ssssseeeeeeees Al,O, and P,O 10-80 
gh a ll i AIC IE Cad’ sp 7-47 
PE TEED nccnciconecsancegscopacneunhanonacccscscnenesseos MgO 2-48 
Pu - cuntekineneneniaeeirbinshadestetessusienneposteesé seek CuO 2-44 
Manganese, nickel, cobalt, and zinc oxides ............... Mn,O,, Ni,O;, Co,0;, and ZnO 0-27 
MINTED Sdeheccscccsesaccencancosnsccsscscysnccensousscanie Ti 0-18 
fcc a i dactapconseanncobened Na,O and K,O 2-70 
MEE MID putecessaschacnscnbssseceuidcadcatccsstbadsanteeses SO, 0-39 
Total 102-58 * 
* All constituents are expressed as present in their fully oxidised state. 
Fie. 1. 


4 


a= Cl2 





MgClO, 











HzS0, 
Tower 











Liquid inhibitors 
The iron content of the ash is high, and there was presumably a release of volatile iron chlorides in the 
resence of inhibitors which pyrolysed to free chlorine. That the results observed were not in fact 
influenced catalysis of the CO, + C——>2CO reaction by these iron compounds was shown by a 
negligible effect of the halogen-containing inhibitors on the rate of reaction een the carbon and 
carbon dioxide. 

The use of an unreactive tube of carbon had the advantages that (i) visible effects were easily observed 
as it burnt, (ii) under the flow conditions used, the geometrical surface area of the tube changed but 
slowly with time, allowing effectively steady conditions to be attained over sufficiently long time intervals, 
and (iii) there was no interference from the CO, + C——>2CO reaction even at 850° (Arthur, Bangham, 
and Thring, Joc. cit.). 

The effects of the following inhibitors were studied : POCI,, PCl,, Cl,, I,, CCl,, SnCl,, CH,Cl,, CHCl, 
SiCl,, SO,, and HCl. The vapours of the liquid inhibitors were entrained by passing a portion of the 
main air-stream through a subsidiary flow meter F, and through the liquids contained in Dewar vessels at 
fixed temperatures. Sulphur trioxide and hydrogen chloride were entrained by passing the air-stream 
through oleum (containing 20% SO, by weight) and 36% hydrochloric acid, respectively. Chlorine gas 
was taken from a cylinder and measured on a flow meter F, with long spiral capillary choke. Iodine was 
entrained by passing an air-stream over a column of it maintained at 74°, the delivery tube to the furnace 
being kept above this temperature by electrical heating. Direct titration of the iodine showed that the 
air-stream was about 75% saturated with iodine by this method. 

Chlorine was removed from the combustion gases by bubbling them through potassium iodide 
solutions. Samples of gas could be collected (i) representative of that leaving the burning tube, and (ii) 
which were sampled through a water-cooled tube with its gas entry at any point in the carbon tube. 

The carbon tube was brought to a temperature slightly below 850° in a stream of commercial oxygen- 
free nitrogen. Combustion was then begun in a dry air stream. When steady conditions had been 
attained (as indicated by the carbon dioxide content of the exhaust gases), samples of gas were collected 
over 5% sulphuric acid, various amounts of the inhibitors being present in the air-stream. The gas 
analyses were accurate to 0:3%. Even during combustion, the temperature of the carbon tube was 
maintained principally by the heat input from the furnace and was kept constant to +3°. (In later 
experiments the carbon tube temperature was held steady to 1—2° by a photocell-amplifier furnace 
control.) 
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Visible Effects—When the carbon tube was burning in the air-stream, a blue luminescence could 

ly be observed which filled the whole cross-section of the tube, so that no estimate could be made 

of its thickness. It was immediately oxtngenes by the most minute concentration of each of the 

inhibitors and reappeared immediately they been turned off. After chlorine had been passing with 

the air-stream, a return to combustion on air alone gave a more intense blue luminescence. This blue 

glow is presumably associated with some stage of the combustion of carbon monoxide, and its extinction 
may indicate the susceptibility of carbon monoxide combustion to inhibition. 

The Effect of Concentration of the Added Materials on the Composition of the Exhaust Gases.—This is 
shown in Figs. 2 to 6. The curves for nitrogen were obtained difference. No graphical data are 
recorded for silicon tetrachloride; although all experiments with sili tetrachloride showed that it was 
an inhibitor (in some cases a potent one), reproducible results were not obtained. 

The Pyrolysis Products of the Inhibitors—Where the combustion gases contained the pyrolytic 

roducts of chlorine-containing additives, a mist of hydrogen chloride appeared over the solutions in the 
bubblers. Since some of the additives contained no hydrogen, this must have been obtained from the 
fuel or indirectly from the small quantity of moisture remaining in the air-stream. 

The compounds phosphoryl chloride and phosphorus trichloride gave rise to phosphorus oxides and 
free chlorine. The former were tt ye as finely-divided solids on the cooler parts of the apparatus. 
(Independent experiments in which phosphoric oxide was vaporised into a bed of carbon grains in 
active combustion showed that it is itself an inhibitor though less potent than the halides.) Experiments 
with phosphoryl chloride, using a very much shorter furnace to minimise pyrolysis, showed that it still 
gave a very strong inhibiting effect. 

Carbon tetrachloride was pyrolysed principally to free chlorine. It was possible to account for about 
80% of the total chlorine by titration of the iodine liberated from potassium iodide. Small quantities of 
hexachloroethane were found on the cooler parts of the quartz tube. The amounts of carbonyl chloride 
formed must have been small. Chloroform also gave large amounts of free chlorine in the exhaust gases. 
The characteristic feature of methylene dichloride and hydrogen chloride was that neither gave rise to 
measurable amounts of free chlorine in the exhaust gases. 

The effects of sulphur trioxide are complicated by the reactions : 


2SO, a= 2SO, oa O, 
The total ae content (free and combined) of the exhaust gases suggested that the sulphur trioxide 
was appreciably dissociated or reduced. 

The Effect of Simultaneous Addition of Water or Hydrogen and an Inhibitor.—These indications of a 
relation between inhibiting action and a strong hydrogen or water affinity led us to examine the effects 
of the simultaneous addition of an inhibitor and small amounts of hydrogen-cohtaining compounds. 

Figure 7 shows the effect of increasing the water content of the air-stream containing 0-28% and 
0-41% of carbon tetrachloride. The gases were sampled through a water-cooled copper tube from a 
point in the carbon tube, the carbon tetrachloride concentration being kept constant at 0-28% or 0-41%. 

Figure 8 shows similar data for 0-32% carbon tetrachloride and hydrogen. The nitrogen curve is 
omitted since it cannot here be calculated by difference. 

These effects are not peculiar to electrode carbon, and experiments with columns of wood charcoal, 
graphite, and a me pe gees metallurgical coke, under the same thermal conditions, gave similar 
results, phosphoryl chloride being the inhibitor used. The observations therefore appear to have a 
general significance. More phosphoryl chloride was required to — the maximum effect with the 
charcoal than with the other fuels. This result was expected from the relative contents of volatile 
matter. 


DIscussIon., 
Figs. 2 to 7 show that: 


(1) All the added materials increase the CO/CO, ratio in the combustion gases. 

(2) The increases in the carbon monoxide and oxygen concentrations and the decrease in the 
carbon dioxide concentrations are in agreement with the suppression of gas-phase reactions 
consuming carbon monoxide and oxygen. 

(3) In all cases, these changes occur at very small concentrations (<1%) of the added 
materials. Further additions do not appreciably alter the analyses. 

(4) The added materials vary considerably in their effectiveness. 

(5) The inhibition produced by carbon tetrachloride is largely destroyed by adding hydrogen 
or water to the air-stream: there is an abrupt, not a gradual, change in the gas composition, 
depending on a change of water content of about 0-2%. 

The values of the ratio CO/CO, obtained with concentrations of inhibitors exceeding the 
“ threshold ” values afford a simple index of the inhibiting powers of the various additives. In 
order of effectiveness, these are: 


Inhibitor POCl, PCl, Cl, CCl CHCl, SnCl CH,Cl, HCl 1, SO, None 
CO/CO, 84 64 29 26 23 21 Ll 116 059 052 0-05 


These figures show clearly: (i) the strongest inhibitors are the phosphorus halides; 
(ii) Cl,, CCl,, SnCl,, and CHCl, are roughly equal in effectiveness; (iii) the effects of HCl and 
A2 
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CH,Cl, are almost identical, although considerably less than those of the above compounds; 
(iv) of the two halogens used, chlorine is much more effective than iodine. 

An attempt will now be made to interpret these results in the light of known facts of carbon 
monoxide combustion. Dixon’s original experiments (Phil. Trans., 1884, 175, 617) drew 
attention to the significance of the role that hydrogen-containing species can have in the ignition 
of carbon monoxide—oxygen mixtures. Subsequent work (Bone, J., 1931, 338) established the 
existence of dry and wet reactions, the latter accounting for the bulk of the change in all mixtures 
which have not been exhaustively dried. Further, the wet reaction has the characteristics of a 
material chain reaction in both the pre-flame and the flame region (e.g. the marked influence of 
minute quantities of added materials on flame speeds). Though the exact nature of the links 
in the chain still remains obscure, they almost certainly originate from the water-gas reaction: 


CO + H,O —> CO, + H, 
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if CO, O,, and H,O are the only molecules originally present, and thermal dissociation of the 
H,O molecule is excluded. The subsequent generation of radical intermediates will be 
conditioned by the kinetics of the reaction of hydrogen and oxygen. Very little is known of the 
sequence of reactions in hydrogen flames. The OH radical is observed spectroscopically in 
carbon monoxide and in hydrogen flames. Evidence on the reactions in the pre-flame region 
is more positive. In the hydrogen-oxygen reaction, between the second and third explosion 
limits, the reaction 


H, —> 2H 


has been established as responsible for chain initiation (Willbourn and Hinshelwood, Proc. 
Roy. Soc., 1946, A, 185, 353; Ashmore and Dainton, Nature, 1946, 158, 416). 

When carbon monoxide is also present in the system, chain propagating and branching 
reactions may give rise to HO,, OH, and O. 

The inhibition must be due to a reaction between the additive (or one of its degradation 
products) and one or more links in the reaction chain to give a stable end-product. The main 
source of the chain carriers is the moisture of the air-stream and the hydrogen content of the 
carbon. Whatever the exact nature of the links in the reaction chain, the efficiency of inhibition 
must be determined by: (i) the speed of the reaction between the active species and the chain 
link; (ii) the stability of the end-product formed from the active species and the link destroyed; 
(iii) the position in the reaction chain of the link removed. 
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Substances with a high water affinity would be expected to increase the CO/CO, ratio since 
they are able to compete with carbon monoxide for water molecules. The phosphorus halides 
and sulphur trioxide are ar examples of these: — 


z| P,O, 
me O, > oO, \P,0, \we +Cl, 
POCI, HPO, (at high temperatures) 
H,O 
SO, —— > H,SO, 


Fic. 8. 
0-32% CCl, and Hj. 
tT t ' 





Gas composition, %. 
a @ 8 3 8 
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The very great difference in degree of inhibition as between sulphur trioxide and the 
phosphorus halides can be explained by the smaller stability at 850° of sulphuric acid compared 
with metaphosphoric acid, since the stability of the end-product formed between the active 
species and the chain link will clearly determine the capacity of the inhibitor. The overall 
inhibition reactions with phosphorus halides can be written: 


2POCI, + H,O + 140, —> 2HPO, + 3Cl, 
2PCl, + H,O + 240, —> 2HPO, + 3Cl, 


Those substances with little or no water affinity at 850°, which give rise to free chlorine, gave a 
CO/CO, ratio of 2—2-9. They are Cl,, CCl,, CHCl,, and SnCl,. Broadly speaking they must 
inhibit by competing with oxygen for hydrogen. [The fall in hydrogen content of a carbon 
monoxide flame on addition of such inhibitors has recently been examined (Arthur and Sterling, 
Nature, 1947, 160, 869).] The detailed reactions by which they are effective are more difficult to 
formulate. The inhibition reactions themselves are presumably parts of a chain cycle. 

A reasonable suggestion is that the changes 


Cl+ H, —> HCl + H — 0°8 kcal. 
H+ Cl, —> HCl + Cl + 45-0 kcal. 


compete for H, and H with reactions that result in the propagation and branching of the chains. 
In view of the lack of data, it is not possible to be more precise than this. 

The much smaller effect of iodine can be interpreted in terms of the smaller stability of 
hydrogen iodide compared with hydrogen chloride. 

The remaining two chlorine compounds (hydrogen chloride and methylene dichloride) gave 
identical CO/CO, ratios of 1-1. Pyrolysis and oxidation of methylene dichloride at 600° is 
known (Whittingham, unpublished data privately communicated) to give carbon and hydrogen 
chloride so the identity in results is to be expected. Of the possible chain links in carbon 
monoxide combustion, the most likely one with which hydrogen chloride can react easily is H. 
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If the change HCl + H —~>H, + Cl + 0-8 kcal. conditions the initiation of inhibition by 
hydrogen chloride, it is understandable that the effect observed should be less than with, say, 
chlorine which can attack an earlier stage in the reaction chain (viz. molecular hydrogen). 

More general implications of the above results are as follows : 

(i) Evidence as to the possible role of hydrogen or moisture on the primary surface reaction 
between carbon and oxygen cannot be obtained when these chemical inhibitors of secondary 
reactions are present. There is no positive evidence however that the primary reaction between 
carbon and oxygen is different when these inhibitors are present or absent. Indeed, a partial 
inhibition of secondary reactions has been achieved (Arthur, Bangham, and Thring, /oc. cit.) by 
a solid surface (silica) remote from the carbon surface. 

(ii) Since the inhibitors used vary considerably in their effectiveness, some of the residual 
carbon dioxide found when certain of them are present is due to failure to prevent normal “ wet ” 
carbon monoxide oxidation. With phosphoryl chloride, however, this is not necessarily the 
case. The alternative sources of the carbon dioxide are: (a) the dry homogeneous reaction 
between carbon monoxide and oxygen; (b) the heterogeneous thermal reaction between carbon 
monoxide and oxygen; (c) a direct heterogeneous reaction between carbon and oxygen. 
Experiments are now in progress which should enable a decision to be made between these various 
alternatives. 

(iii) A long reaction chain indicates that the chain carriers are regenerated with a high 
efficiency. Under these conditions, and especially if the tendency to branch is considerable, the 
concentrations of inhibitors required to prevent reaction will be very small. This is clearly the 
state of affairs shown in the figures, e.g. 0-04% of phosphoryl chloride vapour reduces the carbon 
dioxide content of the exhaust gases from 18-5 to 7-8% and the maximum retarding effect is 
shown by about 0-5% of phosphoryl chloride (Fig. 2a). Ideally, such curves should provide a 
method of estimating the chain length (cf. the thermal decomposition of ethers in the presence 
of nitric oxide, Hinshelwood and Staveley, Proc. Roy. Soc., A, 1947, 159, 192), providing that the 
reaction leading to inhibition is known with certainty. Failing such data, an approximate 
calculation gives an indication of the minimum number of carbon monoxide molecules which 
can suffer oxidation owing to the presence of one water molecule. It is assumed that the 
phosphorus halides function as inhibitors principally by virtue of their ability to react with 
water and oxygen to give metaphosphoric acid according to the equation 


2POCI, os H,O - 140, —_ 2HPO, > 3Cl,. 


The use of the data in Fig. 2a then suggests that the presence of one water molecule can lead to 
the oxidation of at least 500 carbon monoxide molecules. This latter figure is a lower limit 
because the calculation assumes that the whole of the phosphoryl chloride passed into the carbon 
tube reacts with water as indicated by the above equation. In point of fact, it is very unlikely 
that the water content of the gas phase was higher than 0-1%. 

(iv) The above experiments indicate that species such as H,O, H,, H, OH, and perhaps O 
are involved in the reaction mechanism leading to carbon dioxide formation. These are not 
only highly reactive because of their chemical nature: their diffusion rates, especially those of 
H, and H, are large compared with that of O, : 


O,:H,O:OH:0O:H,: H=1: 1-33: 1-37: 1-4: 4: 5-6. 


Since burning rates in solid-fuel systems at high temperatures appear to be limited by 
diffusion or mass-transfer effects, the presence of the above materials is likely to be very 
significant. Moreover, some of the reactions leading to the secondary-heat release may be 
influenced by the hot fuel surfaces and the impurities that the latter contain. A link with the 
reactivity of solid fuels may be found here: the susceptibility of the water-gas reaction to 
catalysis by fuel surfaces is relevant in this connection. 

(v) The fire-extinguishing properties of halogen-substituted hydrocarbons have generally 
been associated with their marked “ shielding” effect against oxygen which arises from their 
relatively high density compared with oxygen. It has been suggested several times, however 
(Dufraisse and Horclois, Compt. rend., 1931, 192, 564; Bangham, Trans. Faraday Soc., 1946, 
42, 376), that there is a specific retarding influence on the combustion. Since the above 
experiments prove that a gas phase reaction between carbon monoxide and oxygen certainly 
plays an important part during the combustion of solid fuels, a major part of the 
fire-extinguishing properties of halogen compounds must be ascribed to an inhibition of the 
combustion of carbon monoxide by species such as elementary halogen which can combine with 
the chain links. That so many fire-extinguishing agents contain halogen is significant not only 
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on account of the shielding effect arising from high density but also because their electronegative 
pyrolytic products suppress the concentrations of chain links (e.g. H,and H). It should be noted 
that the change CO + 40, > CO, liberates about 2} times as much heat as C + 40, —>CO. 

(vi) These experiments used relatively simple solid fuels. Commercial fuels such as coal 
clearly present additional complications. Nevertheless, the results represent the beginnings of a 
topochemical picture which is likely to be applicable to a stage of the combustion process of all 
solid fuels. Differences observed in the overall process due to superposition or otherwise of the 
various stages (Crone, Coal Research, March, 1945, 85, and in discussions with the authors) 
necessitate further experiments to identify the relevant stage with certainty. 


The authors are indebted to Dr. D. H. Bangham for suggesting the application of the inhibition 
technique to solid fuel combustion. They also wish to thank Dr. D. T. A. Townend, Dr. D. H. Bangham, 
Mr. H. G. Crone, and Dr. G. Whittingham for constructive criticism. 
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S2. Fluorescent Acylating Agents derived from 7-Hydroxycoumarin. 
By Witson Baker and (the late) C. B. Cottis. 


Some carboxylic acids derived from 7-methoxycoumarin have been prepared with the object 
of using their chlorides as fluorescent reagents for hydroxy- and amino-compounds. Such fluor- 
escent acyl derivatives can be used in the chromatographic separation of colourless compounds. 
1-Methoxycoumarin-3-carboxylic chloride is the most readily available of these reagents. 


THE chromatographic separation of colourless compounds can be facilitated in various ways, 
for example by conversion into coloured derivatives by means of benzeneazobenzoyl chloride 
or 2: 4-dinitrophenylhydrazine. Another general possibility is to combine the colourless 
compound with a fluorescent reagent so that the derivative may be located on the column 
by its fluorescence in ultra-violet light. This procedure does not appear to have been investig- 
ated as yet, though it is mentioned by Strain (‘‘ Chromatographic Adsorption Analysis,’’ New 
York, 1941, p. 76), and by Williams (‘‘ An Introduction to Chromatography,” 1946, p. 50). 
What may be regarded as the reverse method, namely the adsorption of a colourless, non- 
fluorescent substance on a column of fluorescent material, has, however, been successfully 
carried out. The fluorescence of the column is quenched by many adsorbed materials, the 
location of which is shown as a dark band when the column is examined in ultra-violet light. 
Brockmann and Volpers (Chem. Ber., 1947, 80, 77) describe the use of, amongst other substances, 
morin on alumina, whilst Sease (J. Amer. Chem. Soc., 1947, 69, 2242) has used a fluorescent 
zinc sulphide on silica. A further application of fluorescence as a tracer technique is the com- 
bination of $-anthryl isocyanate (Coons, Creech and Jones, Proc. Soc. Exp. Biol. and Med., 
1941, 47, 200; Creech and Jones, J. Amer. Chem. Soc., 1941, 68, 1661, 1670) and of a crude 
fluorescein isocyanate (Coons, Creech, Jones, and Berliner, J. Immunology, 1942, 45, 159) with 
certain antibodies. 

It is well known that 7-hydroxycoumarin (umbelliferone) and many of its derivatives are 
very strongly fluorescent (see Rangaswami and Seshadri, Proc. Indian Acad. Sci., 1940, 12, A, 
375; Rangaswami, Seshadri, and Venkateswarlu, ibid., 1941, 18, A, 316; Balaiah, Seshadri, 
and Venkateswarlu, ibid., 1942, 16, A, 68), and the present experiments, mainly carried out in 
1942—-43, were designed to investigate the availability of carboxyl chlorides derived from this 
substance which could then be brought into reaction with hydroxy- and amino-compounds 
to give fluorescent acyl derivatives. In order to prevent self-condensation the 7-hydroxyl 
group was protected by methylation. 

Attention was first directed towards 7-methoxycoumarin-3-carboxylic acid which was 
prepared by Rangaswami, Seshadri, and Venkateswarlu (/oc. cit.) by condensing 2-hydroxy- 
4-methoxybenzaldehyde with malonic ester and hydrolysing the resulting ethyl 7-methoxy- 
coumarin-3-carboxylate. Although the yields are not recorded, repetition of the experiments 
has shown that they are almost quantitative. This acid is also conveniently prepared 
from the same aldehyde by condensation with dilute, aqueous sodium cyanoacetate, 
and the resulting trans- (with respect to the Ar-C:C-CO,H system) 2-hydroxy-4-methoxybenzyl- 
idenecyanoacetic acid boiled with water for a few minutes, giving the ammonium salt of the 
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desired acid (for a discussion of this reaction and its stereochemical implications see Baker and 
Lapworth, J., 1925, 127, 561). The related 7-methoxycoumarin-3-carboxylic chloride is readily 

ed, and reacts with the corresponding alcohols giving the methyl and ethyl esters which 
exhibit strong blue fluorescence in solution or when absorbed on alumina. This reagent is 
the most readily available of its type. 

1-Hydroxy-4-methylcoumarin-3-carboxylic acid has not previously been prepared, as the 
claim of Michael (J. pr. Chem., 1888, 37, 469) to have prepared it by hydrolysis of the ethyl 
ester formed by the interaction of resorcinol and ethyl malonate in presence of sodium has been 
proved incorrect by Dey (j., 1915, 107, 1610), who showed that Michael’s acid was, in fact, 
7-hydroxycoumarin-4-acetic acid. The first approach to 7-hydroxy-4-methylcoumarin-3- 
carboxylic acid was by the condensation of ethyl acetylmalonate with resorcinol in presence of 
alcoholic hydrogen chloride (cf. Appel, J., 1935, 1031), but the yield was poor. No success 
attended experiments using concentrated sulphuric acid as condensing agent and either resor- 
cinol or its monomethyl ether. Both the acid and its methyl ester show a strong blue fluor- 
escence. A more successful synthesis of this type of acid was the Reformatski reaction between 
bromomalonic ester and a derivative of resacetophenone. Thus resacetophenone diacetate 
and bromomalonic ester yielded ethyl 7-acetoxy-4-methylcoumarin-3-carboxylate, and 2-acetoxy- 
4-methoxyacetophenone and bromomalonic ester yielded after hydrolysis the desired 7-methoxy- 
4-methylcoumarin-3-carboxylic acid. It was then found that this acid did not react normally 
with thionyl chloride, but gave an unstable chloro-acid chloride, 7-methoxy-4-chloromethyl- 
coumarin-3-carboxylic chloride, which was not obtained in a completely pure state, but which 
reacted with ethanol in the cold to give ethyl 7-methoxy-4-chloromethylcoumarin-3-carboxylate. 
The position of the remaining chlorine atom in this ester is proved by the fact that it is elimin- 
ated readily on boiling with aqueous-alcoholic potassium hydroxide, and cannot therefore be 
present in the aromatic nucleus. In view of the failure to prepare the simple acid chloride, 
work with 7-methoxy-4-methylcoumarin-3-carboxylic acid was discontinued, but the acid 
and its methyl and ethyl esters, prepared by direct esterification, show an intense blue fluor- 
escence in ultra-violet light in the solid state, in solution, and when adsorbed on alumina. 

7-Methoxy-4-methylcoumarin-3-acetic acid was prepared by Dey and Sankaranarayanan 
(J. Indian Chem. Soc., 1931, 8, 823) by condensing resorcinol with acetylsuccinic ester, followed 
by hydrolysis and methylation. It is more conveniently prepared by the direct condensation 
of ethyl acetylsuccinate with resorcinol monomethyl ether and hydrolysis of the resulting 
ester. Attempts to prepare the chloride of this acid by a variety of methods were unsuccessful ; 
these failures are undoubtedly due to the high degree of reactivity shown by the methyl group 
of 4-methylcoumarins, and the methylene group of coumarinacetic acids (see above, and Dey, 
loc. cit.). The anilide, prepared directly from the acid, is less strongly fluorescent than the 
ester. 

71-Methoxy-4-methylcoumarin-6-carboxylic acid was prepared by hydrolysis of its methyl 
ester, the latter being obtained in 13% yield from ethyl acetoacetate and f-resorcylic acid 
(Shah, Sethna, Banerjee, and Chakravarti, J]. Indian Chem. Soc., 1937, 14, 718). 

A new coloured reagent for hydroxy- and amino-compounds is cinnamylidenecyanoacetyl 
chloride, CHPh:CH*CH:C(CN)-COCI, a bright yellow compound readily available from the 
corresponding acid. It gives pale yellow derivatives. The ethyl and phenyl esters and the 
anilide and p-nitroanilide of azobenzene-4-sulphonic acid are described. 


EXPERIMENTAL. 


trans-2-Hydroxy-4-methoxybenzylidenecyanoacetic Acid.—2-Hydroxy-4-methoxybenzaldehyde (1-5 g. ; 
Robinson and Robinson, J., 1932, 1441), water (10 c.c.), 2n-sodium hydroxide (10 c.c.), and an aqueous 
solution of sodium cyanoacetate made from chloroacetic acid (1-9 g.; 20 c.c.; Phelps and Tillotson, 
Amer. J. Sci., 1908, 26, 267) were kept at 35° for 1 hour, filtered, diluted, and acidified. The voluminous, 
bright yellow precipitate was collected, washed, and dried (1-9 g.). The acid has m. p. 196° (decomp. ; 
_ heating) (Found: C, 60-5; H, 4:3; N, 6-5. C,,H,O,N requires C, 60-3; H, 4:1; N, 64%). 
ike other o-hydroxybenzylidenecyanoacetic acids (see Baker and Lapworth, Joc. cit.) this acid cannot 
be rec: ised without undergoing chemical change. 
1-Methoxycoumarin-3-carboxylic Acid.—The preceding acid (1-9 g.) was boiled with water (40 c.c.) 
for 5 minutes, filtered, acidified, and cooled. The precipitate (1-45 g.) separated from dilute alcohol 
in thin elongated, rectangular plates of a faint —— colour, m. p. 195° (lit. 195°) (Found: 
C, 60-1; H, 3-7. Calc. for C,,H,O,: C, 60-0; H, 3-6%). 
7-Methoxycoumarin-3-carboxylic Chloride.—The preceding compound (0-5 g.), dry chloroform (3 c.c.), 
and thionyl chloride (1 c.c.) were refluxed till reaction ceased, and the acid chloride precipitated by the 
addition of light petroleum (b. p. 60—80°). It a from chloroform-light pees ca in pale 
gt — : = — m. p. 143° (Found: C, 55-7; H, 2-9; Cl, 146. C,,H,O,Cl requires C, 55-4; 
29; » 149%). 
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S14 Fluorescent Acylating Agents derived from 7-Hydroxycoumarin. 


Methyl and Ethyl 7-Methoxycoumarin-3-carboxylates.—These esters were by boiling the 
acid chloride with the alcohol for 5 minutes. The methyl ester forms faintly w needles from methy] 
alcohol, m. p. 201—202° (Found: C, 61-5; H, 4-4. C,,H,,O, requires C, 61-5; H. 43%). The 
ester was obtained as thin, — plates from ethyl ol, m. p. 134° (lit. 134°) (Found: C, 62- 
H, 7 Calc. for for CyaHu0s: C , 62-9; H, 48%). 


gy Ay yicoumarin-3-carboxylic dead. —A solution of ethyl acetylmalonate (14-6 g.; 1 mol; 
Lead. 934, 67, 7935) and resorcinol (8 g.; 1 mol.) in absolute yl alcohol (100 c.c.) was saturated 
with anhydrous hydrogen chloride at 0°, le ‘at room temperature for 40 hours, diluted with water at 

0°, and extracted with ether. The ether-free product was hydrolysed on the water-bath for } hour 
with excess of 2n-sodium hydroxide, and ification precipitated the crude acid (2-5 g.), which was 
crystallised twice from aqueous alcohol and obtained as colourless needles, m. p. 239—241° (decomp. 
the m. p. varies with the rate of heating) (Found: C, 59-9; H, 3:8. C,,H,O, requires C, 60-0; 
36%). In solution or in the solid state this 1-hydroxy-4-methylcoumarin-3-carboxylic acid exhibits 
an intense blue fluorescence in ultra-violet light. 

Methyl 1-Hydroxy-4-methylcoumarin- xylate—The preceding acid (0-8 g.) was refluxed with 
3% methyl-alcoholic hydrogen ~ pervgg os for 8 hours; after distillation to a small bulk, water was added, 
precipitating the solid ester (0-75 g.); this crystallised from methyl alcohol in long needles, m. p. 195° 
(Found: C, 61-5; H, 4-1. C,sH,,O, requires C, 61-5; H, 4-3%). 

Ethyl 7- -Acetoxy-4-methylcoumarin-3-carboxylate (with R. Banxs).—Resacetophenone diacetate (3 g.), 
ethyl bromomalonate (3 g.), benzene (50 c.c.), and zinc turnings (5 g.) were heated on the water-bath 
for 6 hours with rigid exclusion of water. Owing ) areca agg - of sticky material on the zinc, further 
small quantities of zinc were added at hourly in After being shaken with dilute sulphuric 
acid, the heme layer was dried and distilled finally in a vacuum a ill the distillate came over at 
125°/0- -08 mm. (this consisted largely of 4-O-acetylresacetophenone), and the residue triturated with 
alcohol leaving a solid, which was crystallised from dilute alcohol (charcoal) and then from alcohol 
— 0-5g.). The — 7-acetoxy-4-methylcoumarin-3-carboxylate forms needles, m.p. 130—131° (Found: 

62-2; H, 5-1; Ac, 15-2. C,,H,,0, requires C, 62-1; H, 4-8; Ac, 14:8%). 

7- -Methoxy-4 “methy lcoumarin-3-carboxylic Acid (with 'R. BANKs). —2-Acetoxy-4-methoxyacetophenone 
acetate (26 g.), beneane (180 c.c.), ethyl bromomalonate (30 g.; 1 mol.), and zinc turnings (12 ¢. .) were 
warmed till a reaction set in, then cooled in ice till the vigour of the reaction had abated, and finally 
refluxed for 4 hours, a little more zinc being added after 2 hours. After addition of dilute sulphuric 
acid the benzene layer was steam-distilled to remove 2-hydroxy-4-metho: henone, and the 
a oil hydrolysed by 8 hours’ refluxing with aqueous-alcoholic hydrochloric acid; the alcohol 

istilled off, and after the mixture had been made alkaline, boiled with charcoal and acidified, the 
pn vv solid (10 g-) was collected. This 7-methoxy-4-methyl arin-3-carboxylic acid was crystal- 
lised from 50% aqueous ethyl alcohol, and obtained as needles, m. p. 184—185° (Found: C, 61-7; 
H, 4-4. C,,H,,O, requires C, 61-5; H, 4-3%). It shows a strong blue fluorescence in the solid state 
and in solution. Esterification by the Fischer-Speier method readily gave the methyl ester as lo 
prismatic needles, m. p. 129° (Found: C, 63-5; H, 5-0. C,,H,,0, 0 stan 62-9; H, 4-8%), and the 
ethyl ester as flat, tic needles, m. p. 61—62°, from light eum (b. p. 40—60°) containing a 
little chloroform (Found: C, 64-2; H, 5-6. CHO; requires C, 64-1; H, 54%). 

In an attempt to prepare the acid chloride by refluxing the acid with excess of thionyl chloride for 
4 hour and adding dry ether, a compound separated in flat, yellow needles, m. p. 198—200° (decomp.) 
(Found: C, 49-4; H, 3-0; Cl, 25-4. C,,H,O,Cl, requires C, 50-2; H, 2-8; Cl, 24.7%), This 7-methoxy- 
4-chloromethylcoumarin-8-carboxylic chloride underwent considerable decomposition when an attempt was 

made to crystallise it from light petroleum. When dissolved in cold ethyl alcohol and subsequen 
ra into water it yielded ethyl 7-methoxy-4-chloromethylcoumarin-3-carboxylate, which, after 

tion from —, ethyl alcohol, had m. p. 117—119° (Found: Cl, 11-8; M, 289. C,4H,30,Cl 
requires Cl, 11-99%; M, 296-5 

T- -Methoxy-4-methylcoumarin-3-acetic Acid.—A mixture of ethyl acetylsuccinate (32 g.; 1 mol.; 
Ruhemann and Hemmy, /., 1897, 71, 330) and resorcinol monomethyl ether (18-5 g.; 1 mol.) was 
os dropwise with stirring at 0—5° to concentrated sulphuric acid (80 c.c.), and then kept at 0° 

ernight. After being poured on ice and water, the separated oily ester gradually , and 
s hydrolysed by being boiled with 2n-sodium hydroxide for 4 hour. Acidification yielded the acetic 
acid erivative, which was crystallised twice from pie Be | boas a 8-2 g.), and then from 
ethyl acetate, being obtained in long needles, m a4 y m. p. with a specimen prepared by the 
method of Dey and Sankaranarayanan (loc. cit. ) # (Found: C, 62-9; H, 4-8. Calc. for C,,H,,0,: 
C, 62-9; H, 48%). It exhibits a strong blue fluorescence in ultra-violet light. The related antlide, 
alathes the acid with — for 2 hours, formed long, colour: needles from alcohol, 
m. p. 222—223° (Found: N, 44. C,,H,,O,N —— N, 43%). Attempts to prepare the acid 
chloride by using phosphorus tachloride, p' orus trichloride, or thionyl chloride, or by the 
action of phosphorus oxychloride on the sodium salt of the acid, were unsuccessful. 
7-M. ek Ge ee ee Acid.—Methyl 7-methoxy-4-methylcoumarin-6-carboxylate 
(0-5 g.; Shah, Sethna, "Te fee and Chakravarti, Joc. cit.) was hydrolysed by means of cold 2N-sodium 
a droxide for 3 da acid (0-4 g.) separated from water in thread-like crystals, m. p. 291° 
ound: C, 61-6; » 44. H,,O, requires C, 61-5; H, 43%). 
Cinnamylidenec -yanoacetyl Talend. ylidenecyanoacetic acid (20 g.; Lapworth and McRae, 
Rhey-~" 1702), thionyl chloride (20 c.c.), and chloroform oo c.c.) were refluxed for 1 hour, chloro- 
orm (30 c.c.) and light petrole um (50 c.c.; b. p. 60—80°) added, and the mixture cooled. The solid 
collected, washed with chloroform-light petroleum Lo maa iz rang - pri aren gr slowly from 
prea Surg tetrachloride (110 c.c.). The acid chloride was obtain — rhombic prisms 
ott Aan p. 121—123° (Found: C, 66-7; H, 3-8; N, 6-6; a. 163. ~ HZONCI requires C, 66-2; 
; 6-4; Cl, 163%). The compound is dimorphous, fairly rapid crystallisation giving small, 
bright-yellow, bipyramidal Aa 4 which, on being kept in the mother-liquor, slowly pass into the 
compact, orange form of larger crystalline habit. 
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Bit is best erystallioed from carbon disulpisis = Sm, Sb B anpamies la deep and, bonged 
205; it is m car e, w it separates in deep 

plates) was warmed with ethyl alcohol and a of aqueous sodium carbonate for 5 minutes; 
water was added, teenth 2 a0 Oohs from ethyl alcohol (orange-yellow leaflets) and 
then from light 60—80°); it formed orange, prismatic needles, m. p. 111° (Found: 


N, ll a 4ON, NS requires N, 97%). 

uimolecular quantities of the sulphonyl — and tated 
wes warmed with ite pyridine fo 10 minutes, dilute hydrochloric acid added, and a 

from ethyl alcohol; long, flat, orange prisms, m. p. 131—132° (Fou 

CisHtO 25 requires N, 8- 3%). 
$6 Ca p-Nitroanilide of yp - ELAEEN Acid.—These were prepared from aniline and 
aitroaniline as above. The anilide formed = needles from ethyl alcohol, m. p. 150—-151° (Found: 
ei 12-5. C,sH,,0,N,S uires N, 125%). stroantiide crystallised from ethyl alcohol in thick, 
orange-red plates, m. p. 2 ° (Found: , 14 4g “CH,.0,N,S requires N, 14-7%). 
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$3. Some Oxidations involving the Free Hydroxyl Radical. 
By J. H. Merz and Wirtiam A. WATERS. 


The free hydroxy] radical, Fs ceqaasverd by the action of ferrous salts on aqueous hydrogen per- 
oxide, has been found to oxidise organic compounds of many types. A kinetic examination 
has shown that these oxidations fall into well-defined —— as (a) chain reactions or (b) non- 
chain reactions, and this grow can be related to structure of the free organic radical 
which is formed during the o: tion process. Certain of these organic free radicals are 
capable of reducing mercuric salts, or iodine. 

Several su é.g., acetic acid, acetone, chlorides, and bromides, which are not them- 
selves oxidised under these conditions, have been found to retard the oxidations of other 
oxidisable organic substrates. This retarding action can be ascribed to a radical transfer 
which replaces the active hydroxyl radical a much less active radical derived from the 
retarding agent. A preliminary kinetic study of this action indicates that characteristic 

“retardation coefficients ” can probably be assigned to these radical-transfer agents. 


Tue work of Evans and his colleagues (J., 1947, 266: Trans. Faraday Soc., 1946, 42, 155) has 
now confirmed the Haber—Weiss theory (Proc. Roy. Soc., 1934, A, 147, 332) that the reaction 
between ferrous ions and hydrogen peroxide occurs in two distinct stages : 


(1) Fe++ + HO—OH ay ett + (HO:)- + -OH 
(2) Fe+* + -OH Ds Fet++ + (HO?)- 


Fenton’s reaction—the oxidation of hydroxylic compounds by hydrogen peroxide in the 
presence of a ferrous salt—therefore involves free hydroxyl radicals, and, in an initial study of 
the oxidation of alcohols with Fenton’s reagent; we have been able to show that the kinetics 
of this reaction can, by a suitable choice of conditions, be made relatively simple (compare 
Merz and Waters, Faraday Soc. Discussion, 1947, 2, 179). 

Our experimental study of oxidations involving free hydroxyl radicals which have been 
generated in situ by reaction (1) above has now been extended to include also the oxidations 
of water-soluble organic compounds of other types. Since to a large extent we have been 
able to elucidate the various mechanisms of these oxidations by adopting a kinetic approach, 
our results can best be described in terms of the following physicochemical theory. 

Kinetic Features of Chain and Non-chain Oxidation by Hydrogen Peroxide.—If hydroxyl 
radicals, generated in dilute acid solution by process (1), are allowed to react with an organic 
compound, R-H, then there usually can occur the dehydrogenation process (3) 


hy 
(3) HO-+H-R —> H,O+:R 


which generates the free organic radical,*R. This radical may, in some cases, be able to react 
with molecular hydrogen peroxide, as in (4) 


he 
(4) R- + HO—OH —> R-OH+-OH 
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by a process which involves an electron-transference somewhat similar to reaction (1), but, 
in other cases, the organic radical, *R, may be too stable to attack the hydrogen peroxide 
molecule. 

If both reactions (3) and (4) can occur, then the induced reaction of R-H by hydrogen 
peroxide proceeds as a chain reaction in which a small amount of a ferrous salt may initiate 
the oxidation of a large amount of the organic substance. If, in contrast, reaction (4) cannot 
occur, then the organic radical *R may become stabilised in either of two ways: it may com- 
bine with a further hydroxy] radical, by a process (5) which is analogous to (2), or, alternatively, 
two radicals, *R, may meet and stabilise each other, either by dimerisation or by disproportion- 
ation (6). 


k, 
(5) R}+-OH —> R-OH 


he 
(6) 2R* — > Inert products 


Processes (5) and (6) are kinetically indistinguishable in these circumstances. Chemical 
investigation of reaction products usually rules out dimerisation of radicals as a dominant chain- 
ending reaction, and only in certain cases does disproportionation of the organic radical appear 
to offer a plausible explanation of the formation of the observed reaction products. 

Oxidations involving (5) or (6), and not (4), are non-chain processes in which at least half 
the hydrogen peroxide oxidises the ferrous salt and not the organic compound. The utilisation 
of more than 50% of the hydrogen peroxide by the organic compound indicates either the 
occurrence of reaction (4) or the intervention of consecutive reactions involving oxidation by 
the ferric ion, but there is available a still more decisive kinetic criterion for differentiating 
between the chain and the non-chain oxidation mechanisms. 

If dilute hydrogen peroxide is added, with adequate stirring, to a mixture of an organic 
compound R-H and a ferrous salt, in such proportions that some ferrous salt remains in the 
system at the end of the reaction, then it has been found that the relative quantities of R-H 
and of Fe++ which are oxidised by the hydrogen peroxide are independent of the rate of addition 
of this oxidiser. As explained in our introductory paper (loc. cit.), the kinetic equations (A), 
(B), and (C) hold for a chain reaction comprising only reactions (1)—(4) above 


a) —=*) .. Sie (R-H]; _ *s ,, [Fe**) 
—d[Fe"*] 2h, {[Fe**] [RH], 2k, © (Fe*], 


() Sapery ~ °8 + aire) 

= AHO.) _ , , e[Fe**] 

—d[R-H] k, (R-H) 

If, however, we are dealing with the non-chain sequence of reactions (1), (2), (3), and (5), but 
not (4), then the alternative equations are (E), (F), and (G) : 


(E) ey =2+ 7 pen [compare the inverse of (A)] 





or log 


(C) 


—d[Fe'+] k,[Fe*+] 
—d[{H,0,) — (A,[Fe**] + 2k,(R-H)) 


—4(H,0,] _ . , &s[Fe*] 
—a{R-H) 2+ ky (R-H) (compare C) 


(F) 





(G) 


Use of equation (6) in place of (5) affects only the absolute value of the term fs. 

It will be seen, therefore, that the plotting of relative consumptions of hydrogen peroxide 
and of ferrous ion, according to the requirements of equations (C) and (G) will enable us to 
make a clear differentiation between chain and non-chain processes. 

Figs. 1 and 2 give representative examples of substances which fall into the two classes. 
Naturally, the differential equations given above do not apply strictly, since minor side 
reactions, such as alternative chain-ending processes and consecutive oxidations of primary 
reaction products, have been neglected. The experimental work shows, however, that dis- 
crepancies become significant only when the ratio [Fe++]/[R-H] becomes small. Some of 
the implications of these deviations from equations (A), (C), and (G) are discussed below 
(pp. S 22, S23). We would, moreover, at this stage, emphasise that the equations given above 
hold only for acid conditions in which the ionisation of molecular hydrogen peroxide is negligible. 
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It was shown by Haber and Weiss that other “ catalase” reactions of hydrogen peroxide set 
in when anions, such as (:O-OH)-, and radical-ions, such as (“O—O‘)-, may be present. For 
this reason we have regularly worked with dilute (m/50 to m/100) solutions in the presence 
of n/10-sulphuric acid; i.e., at the constant pH = 1. 


Fie. 1. 


A(H,02)/4 (RH) 
pa > 
A(H,0,)/4 (RH) 
aA a 


S 











1 1 l 
2 3 4 5 2. 3 
(Fe~)/(RH) (Fe")/(RH) 
Substances oxidising by a chain reaction. Substances oxidising by a non-chain reaction. 
O) = Lactic acid. XxX = isoPropyl alcohol. VY = Pyridine. x = Pinacol. 


© = Formaldehyde. A = Diethyl ether. © = tert.-Butyl alcohol. /. = Methyl acetate. 
[) = Chloral hydrate. 





Classification of Experimental Results——Our tesults, which relate to measurements made 
at room temperature, show that water-soluble organic substances can be classified into three 
fairly well-defined groups, as shown in Tables I, II, and III. 

The grouping of substances into categories (a) and (b) can quite clearly be associated with 
the chemical structure of the radical -R, obtained by the first dehydrogenation process (3). 
It may be noted that all compounds of Table I form carbon, or possibly oxygen, radicals in 
which the electron-density at the point of free valency is relatively high. Thus in the simple 
primary or secondary alcohols, the ethers, and the aldehydes, the inductive (plus “‘ hyper- 


TaBLeE I, 
Compounds which oxidise by a chain reaction, 


Substance. Substance. kg/h. 


ondary alcohols: Ethers : 
| Diethyl ether ... soo 6-4 
Di .. (Multi-stage) 
6-2 


4-5 


Hydroxy-acids: Formaldehyde 3-0 
Glycollic acid , Acetaldehyde 2-2 
——— acid . Amino-acids : + . 
a-Hydroxybutyric acid 0-035 
(Thioglycollic acid ; Alanin 0-12 


* k,/k, has in each case been determined graphically from equation (C) for the reaction in n/50- 
solution in the presence of n/10-sulphuric acid. 

In our introductory paper the figures were based upon equation (A) and calculated in equivalents 
and _— moles, 7.e., upon the ratio k,/2k,, using a curve in which the extrapolation of the linear portion 
is often uncertain. 


+ These oxidations may not be = chain processes. We have confirmed the statements of 


Wieland and Franke (A nnalen, 1927, 457, 1) that a~-amino-acids promote some “‘ catalase ’’ decomposition 


of hydrogen peroxide. 
B 
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TaBLeE II. 
Compounds which oxidise by a non-chain reaction. 


Substance. hy/ Ry. Substance. 


—_ alcohols : Carboxylic acids: 
utyl alcohol . Propionic acid 
tert. -Amyl alcohol n-Butyric acid 
tsoValeric acid 
Succinic acid 
Esters: Adipic acid 
, Amines (as their sulphates) : 
Ethyl acetate lamin 
isoPropyl acetate 
Chloral hydrate 


1: 2-Glycols: * (ks/k, for persulphate oxidation). 
Ethylene glycol 0-36 
2: 3-Butylene glycol 0-010 
1 ; 2-Butylene glycol 0-019 
* The glycols were studied with ae phate and not hydrogen peroxide since in the latter case the 


consecutive oxidation of the aldehydic first products was extensive. For ethylene glycol the value of 
k,/k, for H,O, oxidation was about 4-0. . 


TaBLeE III. 
Compounds not noticeably attacked by the hydroxyl radical. 
Carboxylic acids: Acetic acid, malonic acid, maleic acid, fumaric acid. 


Ketones: Acetone, methyl ethyl ketone. 
Amides; Urea, acetamide. 


conjugation ”’) effect of the alkyl groups is such as to increase the electronegativity at the 
site of the free valency : thus 


cS 
cu 8 


(a) Molecules oxidised by the chain process. 


whilst in the carboxylic acids, or esters, or again chloral hydrate, there is eas a strongly 
dipolar group of electron-abstracting character : 


Ba sig a 
H 
(b) Molecules oxidised by the non-chain process. 


It is reasonable therefore to suppose that a free radical, *R, can only attack molecular hydrogen 
peroxide if it has an electron-availability (? reduction potential) over a certain value. 

Properties and Structures of the Organic Free Radicals —(1) Reducing action. Following 
up observations of Dhar (J., 1917, 111, 690; J. Indian Chem. Soc., 1928, 5, 203) and Weiss 
(Faraday Soc. Discussions, 1947, 2, 188, 211) in a related field, we have found that those free 
organic radicals which can attack molecular hydrogen peroxide will also give up an electron to 
a mercuric ion, or to iodine, both of which they will reduce. For instance, when mercuric 
chloride is added to a mixture of a ferrous salt and an organic compound of group (a), ¢.g., 
ethyl alcohol, there is no reaction, but the moment that hydrogen peroxide is added to this 
mixture then mercurous chloride is precipitated, since reaction (7) sets in, and competes with (4) 
in removing alcohol from the system. Mercuric nitrate acts similarly. 


(7,a) CH,-CH-OH + Hg++ —> Hgt + CH,-CH-OH 


(7,5) CH,-CH-OH —» CH,-CH=O + H+ 
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The reduction of the mercuric ions is not due to the production of an aldehyde: acet- 
aldehyde and isopropyl alcohol both exhibit this effect extremely well when they are treated 
in this way. Since (7,4) competes with (4), the addition of the mercuric salt diminishes the 
fraction of hydrogen peroxide which is reduced by the organic substance, and consequently 
the ratio k,/k, decreases in the way shown by Fig. 3. Iodine behaves similarly, and reaction 
(7,c) can be followed by adding an excess of iodine to the oxidisable mixture and, after running 
in the hydrogen peroxide, titrating rapidly with thiosulphate, since the Fet++-I,, the H,O,-I- 
and the CH,-CHO-I, reactions are all comparatively slow. 


(7,c) 2CH,-CH-OH +1, —> 2I- + 2CH,-CH-OH 


Fic. 3. 


to Os 
i S 


4 (Me,CHOH)/A (Fe™) 
s 





Ss 


l 1 j 

r0 rs 20 25 
(Me,CHOH)/(Fe™) 

Effect of mercuric nitrate on the oxidation of isopropyl alcohol. 

© = Oxidation without Hg**. xX = Oxidation with Hg**. 
The mercuric nitrate was present in 0-05M-concentration in the mixture. 





S 


Very few of the active organic radicals which we have studied appear to be capable of 
reducing ferric ions rapidly in the same way, since the initial addition of an excess of ferric 
sulphate does not significantly affect the k,/k, ratio. It may be noted that a reduction of 
Fet++ by free radicals would increase the observed value of A[R—H]/A[Fet*] and this might 
have the effect of making an initial non-chain oxidation appear to proceed by a chain sequence. 

Of the substances listed in Table II, only the ethylene and butylene glycols have any 
immediate reducing action upon mercuric salts in these circumstances. Essentially the 
oxidising or reducing properties of an organic free radical depend upon the environment of 
the unpaired electron. Thus, whilst radicals derived from primary or secondary alcohols by 
dehydrogenation can be formulated as either (I) or (II), tertiary alcohols can only yield free 


~. R. . R R R 
oe Be a ee 
R R H R . R 
(I.) (II.) (III.) (IV.) 


oxygen radicals (III). Free carbon radicals, e.g., (I), can much more easily lose one further 
electron to give kations of known types [e.g., (IV), the proton-adduct of a ketone] than gain 
an electron to form a free carbon anion, and hence are predominantly reducing agents. In 
contrast, the oxygen radicals (II) and (III) are oxidising agents since they tend to acquire but 
not to lose an electron. Both the reducing radical (I) and the oxidising radical (II) can, how- 
ever, by loss of proton give the same mesomeric radical-anion (V) in which it is impossible 
to associate the odd electron exclusively with either the carbon or the oxygen atom. Toa 
certain extent, too, this resonance of the other electron can occur in a radical of type (I), and 


> -e ie . R > * R -* . 
. R’ R’ 
(V.) (VI.) (VII.) 


in the corresponding radicals derived from ethers or esters, since the two canonical structures 
(VI) and (VII) must both be taken into consideration. One would associate (VI) with reducing 
B2 
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and (VII) with oxidising properties. Of these states (VI) will undoubtedly predominate, but 
nevertheless none of these radicals should be considered exclusively as reducing agents (see 
below, p. S 24). 

(2) The instability of radicals derived from tertiary alcohols. The fact that tert.-butyl alcohol 
and its homologues are easily oxidised by free hydroxyl is noteworthy, since tertiary carbinols 
are remarkably resistant to many oxidising agents, such as acid dichromate solution, under 
conditions in which primary and secondary carbinols readily react. Again, tert.-butyl alcohol 
gives a remarkably stable hydroperoxide (Milas and Surgenor, J. Amer. Chem. Soc., 1946, 68, 
205). Both acetone and formaldehyde were identified as products of the oxidation of tert.- 
butyl alcohol with Fenton’s reagent. Evidently the non-reducing radical (III; R = Me) is 
first produced from the carbinol by a type (3) reaction, viz. 


(8) HO- + H-O-C(CH,), —>» HO-H + -O—C(CH,), 


and then breaks down either (i) by reaction with another hydroxyl radical (9) or (ii) by spon- 
taneous fission to acetone and free methyl (10) which is thereupon oxidised by a non-chain 
reaction to methy] alcohol, and subsequently to formaldehyde : 


(9) H-O- + (CH,),C—O- —» HO-CH, + (CH,),C=O 
H, CH, 
(10) - H, —> O=C + -CH, 
H, H, 


Under our experimental conditions we were unable to separate the small amount of methanol 
as such, but showed that an excess of oxidiser produced an appreciable amount of form- 
aldehyde. 

The recent demonstration by Raley, Rust, and Vaughan (J. Amer. Chem. Soc., 1948, '70, 88) 
and by Rust, Senbold, and Vaughan (ibid., p. 95) that di-tert.-butyl peroxide vapour decom- 
poses spontaneously at 130° or above into the free tert.-butyloxy-radical (III; R = Me) which 
then splits, in the gas phase, to acetone and free methyl supports reaction sequence (ii) (7.e., 10) 
above. 

The oxidations of primary alcohols can be explained in a similar way provided (a) that it 
be assumed that free hydrogen is formed, and that this, unlike free methyl, can continue a 
chain reaction by attacking molecular hydrogen peroxide, and (b) that we discount the fact 
that a C-H bond has a slightly higher bond strength than a C-C bond: e.g., 


(11) = on — R,C=0+H:; H}+HO-OH —+ H,O+-0H 


However, it is not possible to use mechanism (11) to explain the rapid oxidations of ethers 
by a chain reaction. This oxidation, which yields aldehydes, is noteworthy in that it accords 
so well with their facile reactions with free phenyl radicals produced from benzenediazoacetate 
(Waters, J., 1937, 113), benzenediazonium chloride (Hanby and Waters, J., 1939, 1798), and 
dibenzoyl peroxide (Cass, J. Amer. Chem. Soc., 1947, 69, 500). 

The oxidation of pinacol to acetone is obviously a non-chain reaction analogous to the 
oxidation of tert.-butyl alcohol, and must proceed via the oxygen di-radical (VIII). The fact 
that Fenton’s reagent can effect a similar C-C bond fission in other 1] : 2-glycols has already 
been noted by one of us (Nature, 1946, 158, 380), but we have now shown that, in general, 


=o pi a 
0 0 HO OH 
(VIII.) (IX.) 


this is no more than a minor side-reaction, although 1 : 2-glycols, unlike 1 : 3-glycols oxidise 
by the non-chain mechanism (see Fig. 4). Thus ethylene glycol yields mainly glyoxal and 
oxalic acid, whilst 2: 3-butylene glycol yields mainly diacetyl. Hence the initial attack of 
the free hydroxyl radicals must be mainly, though not exclusively, on the C-H bonds of the 
carbinol so as to form the reducing radical of type (IX). The absence of a chain reaction 
from (IX) indicates that radicals of this type must be somewhat less reactive than the radicals 
derived from monohydric primary or secondary alcohols, and presumably this must be due 
to the proximity of the second hydroxyl group. 
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(3) Other cases of non-chain reactions. Acetic acid is not oxidised by hydroxyl radicals, 
but its homologues are undoubtedly attacked at a -CH,- group. Thus propionic acid yields 
some acetaldehyde, presumably via formation of lactic acid. It may be suggested that the 
hydrocarbon chains of these acids exert an electron-donating effect which is sufficiently powerful 
to overcome the electron-abstracting effect of the carboxyl group to a sufficient extent to weaken 
the C-H link for its dehydrogenation by free hydroxyl. In this connection the resistance 
towards oxidation of malonic acid (X) and the very slight oxidation of succinic acid are both 
significant. The fact that it is alkyloxy, R,CH-O, and not the acyloxy, 

R-CO-O-, groups of esters which are attacked illustrates the importance of H ane 
the spatial proximity of the polar carbonyl group in the un-ionised molecules. ’ OOH 
The inertness of the ketones may be ascribed to a similar origin, and evidently (X.) 

the inductive effects which favour proton release from a C-H link are the 

inverse of those favouring its oxidation (compare Waters, J., 1946, 1153). The relatively low 
values of #,/k, for the kations of amines also accord with this view. 


Fic. 4. 


A(S20)"/(Glycol) 
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rl n 
0-4 0-6 0-8 
(Fe") (Glycol) 
Oxidations of 1 : 2-glycols with persulphate. 
© = Ethylene glycol. A = 2: 3-Butylene glycol. 
= 1: 2-Butylene glycol. 


Radical-transfer in Reactions involving the Hydroxyl Radical—It has already been sur- 
mised that equilibria leading to the formation of other oxygen radicals [e.g., (12) and (13)]} 
may play a significant part in the chemistry of free hydroxyl (compare Waters, Trans. Faraday 
Soc., 1941, 37, 779). Experimental support for this view is now forthcoming, since we have 
found that many substances, such as carboxylic acids and ketones, which are not themselves 
appreciably oxidised by free hydroxyl can noticeably depress the extent of oxidation of other 


(12) R-CO-OH + -OH == R-CO-O: + H-OH 


(13) “ye=0 + OH == ne 


substances (compare Fig. 5). This retarding effect can be accounted for by supposing that 
the added substance, in part, replaces the highly active hydroxyl radicals by other, more 
complex, radicals of very much lower oxidising power towards the organic substrate. The 
effect of this radical-transfer process may be evaluated as follows: If in the chain-oxidation 


he 
(14) X-O-H + -OH — X-O: + H-OH 


sequence of ——, (1) —(4) (p. S 15) we introduce also the equilibrium (14) and can write 
[OX] = [(-OH] . K . [(XOH], taking [H,O] as unity and presuming that both &, and hk, are 
much greater ind hs or k;, then we have to consider also the consequent reactions 


he 
(2,b) Fett + OX —» Fet++ + (:0X)- 
(3,5) XO: + H-R *, xoH4-R 
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and thence, by evaluating [-OH], [OX], and [*R] from instantaneous equilibria equations it 
can be derived that 


(H) 





—4{H-R] _ [H-R) (' + AeK(XOH]) 
—d[Fe™] ~ 2[Fe**) \k, + &,K[XOH] 


(J) —4(H,0,] _, + [Fe**} (7 + Dixon) 
—d(H-R] (H-R] \k, + &yA[XOH] 





which are the equivalent of (A) and (C) in which the ratio k,/k, has been replaced by the more 
complex term in brackets. Analogous equations can be derived for the non-chain processes. 


Fic. 5. 


A(CH,0) /A(Fe") 
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100 200 300 
(XOH)/(Fe”) 

Retardation of the oxidation of formaldehyde. 

x = Effect of acetic acid. © = Effect of acetone. 











Now Fig. 6 for oxidations in which the ratio [R—-H]/[Fe**] has been kept constant indicates 
that the consumption ratio A[H,O,]/A[R-H] for an alcohol or aldehyde varies with [XOH] 


in such a way that 
(i + kK OH) 
ks + kyK[XOH] 
is very closely of the form 


(ky + Const. [XOH]) _ hy C[XOH] 
sca o (+S) 


This corresponds to the limiting case of k, = 0, in which the secondary radical, -OX, is ynable 
to attack the organic molecule R-H, though still is able to oxidise ferrous ions. This experi- 
mental fact would make it seem likely that the feebly active -OX radicals persist as such in 
water, and hence that equation (14) should be written not as an equilibrium but as a forward 
reaction with k, comparable to k, in magnitude and k, = 0. If this hypothesis is adopted, 
then from equations (1), (2,a), (2,b), (3), (4), and (14), we can derive the expression 








ay —alFet*) aren) ( HOR), 


—d[{R-H] ~~ %,[R-H] halFe**) 


On the basis of equation (L) we can evaluate “ transfer coefficients” k,/k, which should 
be independent of the substrate which is being oxidised by the free hydroxy] still remaining in 
the solution. Table IV lists these values for the oxidation of tsopropyl alcohol. 


TABLE IV. 
“ Transfer coefficients ’’. 
pe! ee 0-0205 I.  sanctcdibesinens 0-162 Urea, sodium sulphate, 
Malonic acid ......... 0-0504 (Sodium) acetate ...... 1-12 potassium nitrate, 
Maisie ecid _......:.. 16-2 (Sodium) chloride ...... 0-87 ammonium sulphate Nil 


Fumaric acid......... 33-3 (Potassium) bromide... 21-6 
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Evidently the large free radicals, such as the acetate radical, in which the “ odd electron ”’ 
can be spread over a wider region than is possible in free hydroxyl, are much less 
capable of attacking C-H bonds. Maleic and fumaric acids, which yield mesomeric radicals, 
HO-CO-CH=—=CH-CO-O:, in which the olefinic system as well as both the hydroxyl groups 
may be concerned, exhibit this radical-transfer effect so markedly that the anticipated addition 
to the double bond could not be detected. 


Fic. 6. 


a) 


as 








A(H,0,)/4 (Me,CHOH) 





02030 40 
(XOH)/(Fe") 





Retardation of the oxidation of isopropyl alcohol. 


A = Maleic acid. + = Sodium acetate. 
© = Sodium chloride. C) = Acetone. 
V = Acetic acid. 


It is cogent in this connection to note that Kharasch and his colleagues (J. Amer. Chem. 
Soc., 1943, 65, 15; J. Org. Chem., 1945, 10, 386, 394) associate the enhanced oxidising powers 
of hot solutions of diacetyl peroxide, or lead tetra-acetate, with the breakdown of the feebly 
reactive acetate radical to the highly reactive free methyl radical, whilst similarly the reactivity 
of decomposing dibenzoyl peroxide is principally due to the free phenyl radical. These 
changes, it may be noted, are all decompositions of the C-C—O: structure which is also present 
in the unstable ¢ert.-butyloxy-radical, (CH,),C—O*, of which mention has already been made, 

The transfer coefficients of chloride and bromide anions are also of interest, for they accord 
with the relative orders of stability of the free halogen atoms. Evidently bromine atoms 
must have a fairly long free life in aqueous solution. Although the transfer coefficient noted 
for sodium acetate may in part denote the effect of changing the pH of the solution, it would 
be anticipated that acetate anions would lose electrons rather more easily than free acetic 
acid could lose a hydrogen atom. 

Several oxidisable substances containing hydroxyl groups exhibit the effect of self-retard- 
ation, amongst which the resistance to oxidation by *OH of maleic and fumaric acids is an 
extreme example. For instance, crotonic acid shows the curious property of being oxidised 
more extensively in very dilute than in more concentrated solutions : A[R-H]/A[Fe**] first 
rises and then falls again as [R—H] is increased. At low concentrations hydroxylation of the 
double bond occurs since acetaldehyde can be detected as an oxidation product, whilst at 
high concentrations it may be suggested that the less active CH,-CH==-CH-COO: radical 
oxidises only Fe++. Thiourea behaves in a similar way. Again, as we have previously noted 
(Merz and Waters, Joc. cit.), the value of A[R-H]/A[Fet*] for alcohols approaches an upper 
limit at high alcohol concentrations. We had previously ascribed the latter effect to the 
increasing probability of chain termination by disproportionation, but an alternative view is 
that the “ oxidising”’ properties which we have hitherto associated with the -OX radicals 
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as well as the “ reducing’ properties which we have associated with the free carbon radicals 
are concerned. 

If we take account of the mesomeric character of alcohol [or ether, compare (VI) and (VII)] 
radicals, and take the sequence of reactions (1), (2), (3), (4), and (2,b) (where OX = R) then 
we arrive at the more complicated equation (M), of which (A) is clearly one limiting form. 


an —2e) . ME) (1 4. Ask olFet*] + ksh ef R-H]) 
—d{R-H] = &,{R-H] (AeklH,O,]) 


This expression indicates (i) that at very high alcohol concentrations the consumption ratio 
A[Fe++]/A[R-H] should approach an upper limit, and (ii) that even at moderate alcohol con- 
centrations the ratio A[R-H]/A[Fet+*] should fall if the oxidiser (H,O,) is used in very dilute 
solution. Both these effects have, in fact, been noted by us already. In our previous paper 
we had ascribed the “ dilution effect ” (ii) to the participation of the equilibrium 








R-CH,-OH + ‘OH == R-CH-OH + H-OH 


which is equivalent to suggesting that our mesomeric alcohol radical can oxidise water to 
hydroxyl. As our more recent discovery of radical transfer in aqueous solution has shown, 
the reversibility of this reaction is very unlikely. As yet, however, we have only examined 
the “ self-retardation ’’ and “ dilution ” effects in little more than a qualitative fashion, and 
can only make tentative surmises as to the causes of these minor deviations from the simple 
chain-reaction sequence which so clearly characterises the oxidations of alcohols by Fenton’s 
reagent. 


TABLE V. 
Products of oxidations with the hydroxyl radical. 


Derivative made or “ spot test” 
used. 


Substrate oxidised. Products identified. 


Methyl alcohol A D, H 
D,H 
n-Propyl alcohol H 
tsoPropyl alcohol CH,°CO-CH, H, Indigo 
Me-C ee CH,-OH CHyCO-CH, ‘CO,H, CH,;-CH:CH-CHO (H colour), Fe** colour, H 
Diethyl ether CH,°CHO D 
... CH,O, H-CO,H, oxalic acid D, Resorcinol test; Ca salts 
. {CHO (from both) l D, H 
Tetrahydropyran ......... (Keits HO,C- (CH. },-CHO H colours 
Glycollic acid (Not established) 
Lactic acid CH,°CO-CO,H H 
Thioglycollic acid (Not established) 
CH,O D 


Nitroprusside test 


tert.-Butyl alcohol y q : D, H, Indigo ’ 
tert.-Amy] alcohol . D, H, Nitroprusside, piperidine, and 
3 resorcinol tests 
C,H,°CMe,°OH ....... on (no phenol) D,H 
Chioral hydrate (Not catablishel) 
CH,°CO-CH H, Indigo 
Ethylene glycol CHy(OH)-CHO, + CH,O (about 1%)  H (osazone), D (weighed) 
2 : 3-Butylene glycol CH,°CO-CO-CH, Ni glyoxime 
1 : 2-Butylene glycol Cc #y-CO-CO,H . (red soln. in alkali), Fe** colour 


Piperidine and nitroprusside tests 
Indigo 
D, Piperidine and nitroprusside tests 
(Not established) 
Me,CH:CHO H 
Succinic acid (Not established) 
Adipic acid (Not established) 
Crotonic acid D, Piperidine and nitroprusside tests 
Diethylamine ke in 
Triethylamine . ee a 


Notes.—D = Dimedone derivative; H = 2: 4-dinitrophenylhydrazone. 
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EXPERIMENTAL, 


The oxidations were carried out at room temperature as follows: 10 ml. of 0-1N-ferrous ammonium 
sulphate in 0-5n-sulphuric acid were mixed with the appropriate volume of a standard aqueous solution 
of the organic substrate and diluted with distilled water to a total of 45 ml. 5-0 M1. of 0-1n-hydrogen peroxide 
were then added with shaking, and after } hour or longer the [Fe***] content of the product was deter- 
mined colorimetrically = means of either a Duboscq colorimeter or (in later experiments) a “‘ Spekker ”’ 
photo-absorptiometer. For this determination the reaction mixture was diluted to 250 ml.; a 5-ml. 
portion was then mixed with 5 ml. of 10% potassium thiocyanate and diluted to 100 ml. with 0-2n- 
sulphuric acid, a similarly prepared mixture to which no organic substrate had been added serving 
as the reference blank. 

In radical-transfer experiments the oxidisable organic substrate was invariably added as 10 ml. 
of a 0-2m-solution. Formaldehyde was used for the data of Fig. 5, and isopropyl alcohol for those 
of Table IV and Fig. 6. 

For the data plotted in Fig. 3, the Hgt formed was precipitated as mercurous chloride with hydro- 
chloric acid, filtered off, and then determined iodometrically. The Fe*** was determined, as usual, 
in the filtrate. A{Me,CH-OH] was calculated from the relationship 


A{Me,CH-OH] = A[H,0,) — A[Fe**}] + Af{Hg**}. 
Table V summarises the identifications of organic oxidation products. Most of these were separated 


by fractional distillation. Solid derivatives were in every case crystallised until their mixed m. p.s 
with authentic specimens showed no depression. 


One of us (W. A. W.) thanks the ee Society for a Research Grant for the | pare of a ‘‘ Spekker”’ 
hoto-electric absorptiometer. The other (J. H. M.) thanks the Department of Scientific and Industrial 
Resseech for a Maintenance Grant. 
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S4. Tetrahydrofurfuraldehyde. Part I. A New Method of 
Preparation. 


By Joun G. M. BREMNER, ROBERT R. Coats, ALAN ROBERTSON, and 
(Miss) Morac L. ALLAN. 


Tetrahydrofurfuraldehyde can be readily prepared in 60% yield by the oxidation of 
tetrahydrofurfury]l alcohol with air in the vapour phase over a silver-gauze catalyst. 


TETRAHYDROFURFURALDEHYDE cannot be prepared by partial hydrogenation of furfuraldehyde 
since the aldehyde group is first attacked, forming furfuryl alcohol (cf. Bremner and Keeys, 
J., 1947, 1068; Owep, Ann. Reports, 1945, 42, 157). If the aldehyde group is protected, as by 
working with a diacetal (Minne and Adkins, J]. Amer. Chem. Soc., 1933, 55, 299) or diacetate 
derivative (Scheibler, Sotscheck, and Friese, Ber., 1924, §7, 1443), tetrahydrofurfuraldehyde is 
obtained but in poor yield (cf. Hinz, Meyer, and Schucking, Ber., 1943, 76, 676; Wilson, J., 1945, 
52). Somewhat surprisingly, the dehydrogenation of tetrahydrofurfuryl alcohol also gives only 
small yields of the aldehyde (Hinz, Meyer, and Schucking, Joc. cit.; Wilson, Joc. cit.). Further- 
more, the chemical oxidation of tetrahydrofurfuryl alcohol with acidified sodium dichromate 
(Hinz, Meyer, and Schucking, Joc. cit.) or of decahydrofuroin (Wilson, Joc. cit.) also appears 
unattractive. Owen (Joc. cit.) has pointed out that no satisfactory method for the preparation of 
tetrahydrofurfuraldehyde has yet been disclosed. 

We have confirmed the statements that the hydrogenation of the diacetal and diacetate of 
furfuraldehyde, the dehydrogenation of tetrahydrofurfuryl alcohol, as also the pyrolysis of 
tetrahydrofurfuryl vinyl ether (cf. Sheng-Nien Wang and Winkler, Canadian J. Res., 1943, 
21, B, 97), and the hydrogen interchange between tetrahydrofurfuryl alcohol and aceto- or 
benzo-phenone (cf. Hickinbottom, ‘‘ The Reactions of Organic Compounds ”’, 1941, 131) are all 
unattractive as preparative methods. The difficulty attending the chemical oxidation of 
tetrahydrofurfuryl alcohol to the aldehyde is apparently due to the greater susceptibility of the 
tetrahydrofuryl nucleus than the hydroxymethyl group to ionic attack (cf. F.I.A.T. Final 
Report 293, Faragher, Chaffle, Schindler, and Howes; 3/10/45). 

We now describe a convenient method for the preparation of tetrahydrofurfuraldehyde in 
good yield, using a simple apparatus which can be worked at atmospheric pressure. The process 
comprises the oxidation of tetrahydrofurfuryl alcohol (B.P. 593,617)—itself readily prepared 
from furfuraldehyde—by passage with air over a silver-gauze catalyst (see Fig.). Further 
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advantages of this process are that the alcohol is almost completely converted in one passage over 
the catalyst, and, in consequence, the aldehyde formed can readily be isolated, especially as the 
by-products of the reaction are carbon oxides and water. The process may, moreover, be 


worked autothermally, for the heat evolved can, in part, be dissipated by dilution of the alcohol 
vapour with steam. 


EXPERIMENTAL. 


Tetrahydrofurfuryl Alcohol.—The distilled material prepared by hydrogenation of furfuraldehyde 
had dj?" 1-050, n?” 1-450, b. p. 177—178°. 

Catalyst.—Silver gauze of 40-mesh size, containing 0-05% of copper, was cut into a strip 1” x 36” 
and rolled to fit closely into the combustion tube of 1” diameter. 

Apparatus.—A calibrated reservoir contains the alcohol—-water mixture which drips into a glass helix 
preheater immersed in an oil-bath at 250° (see Fig.). Inlet air is passed through a differential flow- 
meter to the preheater. Exit vapours from the preheater pass into a horizontal Pyrex-glass combustion 
tube (6” x 1”). It contains the close-fitting roll of silver gauze. The products of oxidation pass 
through a double-surface condenser which is water-cooled, and the condensed product is collected in a 
glass receiver immersed in solid carbon dioxide-methanol. Mist is removed from the exit gas by a trap 
(10” x 1}”) packed with glass-wool which drains into a glass receiver. The exit gas may be vented 
outside or, because of its acrid nature, mixed with coal-gas and burned. 


Flowmeter 








Air inlet ; 
> ~ 














Silver gauze 


Coal 
Drip = 
feed > 
0j1- "= 
bath : 
Glass- wool 
mist trap 
Cooled 
receiver 


Analysis of Products.—Gaseous i, were analysed in an Orsat apparatus. The liquid products 
in the two receivers were mixed and then fractioned at reduced pressure in a column equivalent fo about 
20 plates. Tetrahydrofurfuraldehyde in the fractions was determined by titration of the acid liberated on 
reaction with hydroxylamine hydrochloride: the aldehyde was readily oximated at room temperature 
(Found : CHO, 28-8. Calc. for C,H,O-CHO: CHO, 29-0%). 

Proceduve.—Tetrahydrofurfuryl alcohol was fed to the preheater as an 80% solution in water. The 
rate was adjusted to 150—200 ml. /hr., air being admitted at 150—2501./hr. The reaction was initiated 
by playing a Bunsen flame on the combustion tube surrounding the silver gauze until the catalyst began 
to glow. Both for the initiation and for the subsequent operation it is convenient to work in a darkened 
room since the gauze quickly melts by over-heating. Even with thermocouples embedded in the catalyst, 
local over-heating is possible in equipment of this size. When the gauze glows, the burner is removed, 
and the liquid and air rates adjusted so that the catalyst is maintained at a dull red heat. A small 
asbestos case can now be placed round the combustion tube, as it serves,  tpeesmnenney heat loss from the 
periphery of the roll, to maintain a more even catalyst temperature. e amount and position of the 
asbestos can be adjusted to give autothermal operation. 

Characterisation of Products.—All four fractions reacted with a 2n-hydrochloric acid solution of 
2 : 4-dinitrophenylhydrazine in the cold to give the same (mixed m. p.) dinitrophenylhydrazone; m. p. 
134° from ethanol (Hinz et al., loc. cit., record m. Py 135—136° ; ilson, Joc. cit., records m. p. 131°) 
(Found: C, 47-6; H, 4-3; N, 20-0. Calc. for C,,H,,0,N,: C, 47-2; H, 4-3; N, 20-0%). Fraction 3 
(see table), b. 8: 43°/15 mm., consists essentially of tetrahydrofurfuraldehyde (Found : C, 59-9; H, 8-0. 
Calc. for C,H,O,: C, 60-0; H, 8-0%). 


Results.—The results obtained in two typical experiments with an 80% solution of tetrahydro- 
furfuryl alcohol in water are given in the table. The terms pass conversion and yield are used to denote, 


respectively, the percentage of the tetrahydrofurfury]l alcohol oxidised and the theoretical yield, based on 
the amount of alcohol converted. 
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Atmospheric oxidation of tetrahydrofurfuryl alcohol. 





Tetrahydrofurfuryl] alcohol fed (g.)  ......ssssesecsececcerseseceeceeceeees 420 420 
Water fed oe dabbedinenddosees auch sespadicoatenhschounceventé taeseredpennenedes 100 100 
EE LEAD -; suntosagbaccrrantnricryepabenacevoeegetnisegnebeaneentngmeseenanes 200 120—150 
Duration of pos erate EEEILE. wcednccnavnanenepsanenieathieneevhipeeveaseene 2-5 3-3 
Analysis of exit gas (vol. %) : 
ei udeb cer Aicescsedeatrcsinrdvccddtbasvessceacdcacscdsceccyhbbbddbsdsbscsovndsiconse 0 0 
I Bs hts inc anes siden <n cussscise ontasentin dike cetmaashediedd neebnntiaseebtthdes 6-0 3-0 
RNs : viens sinciohvoewondqen sensed acconitnengunbeireiiaecthshedacsreltaienan siphewbatee 4:3 3-2 
in ctbhcatchcrenncsuedsecanbepesseneeheheatansaemeseteeeseatteneerienibaruntettens 86-6 91 
MEE. dcscorconenesccnbscossenestonsosehabsosenononsabacacbabncsonatodnbcascsneseyes 0-6 0-8 
a sdeontibontstpvenioutasoesincdiussessvvendaahinhinsensbetashstoobesinntesse 2-5 1-6 
Liquid products WORMOTOR IE) cciccccecsacccnscasacsossscosessccstnconcvecs 485 506 
Distillation of liquid products : 
Fractions 1 and 2, b. on 31—64°/3O mm. (g.)  ......ecerceceeceeeeeees 176 130 
CO comtemt (90) .ccccccccccccsccccnceees 13-3 14-8 
Fraction 3, b. Br 30 mm. (g.) 131 165 
- C, 70°C O content (%) 96 97 
Fraction 4, b. F 82—85°/30 mm. ( 98 82 
be 70°CHO content (% see 20 25 
Total C,H,0- iio ~ eedaicansomeres toed ee - 200 
Pass conversion (%) ...... ménceneesibnsnasnardeasacsencabsevniigmmeccistertah 80 85 
WD teh cidaedacnesivscctssasiinckgunapethstndoserevasaiawbivonieebeaensesen 52 60 


The liquid product was distilled to give four main fractions. The first is a water—tetrahydro- 
furfuraldehyde azeotrope (b. p. 30°/25 mm.) which contains 15% of aldehyde. The second fraction is 
viscous (b. pr 40°/15 mm.) and contains ~ 84% of tetrahydrofurfuraldehyde; it is a hydrate of the 
aldehyde. ext, a mobile fraction (b. p. 43°/15 mm.) containing 98-6% of tetrahydrofurfuraldehyde 
distils over. Finally, another mobile fraction (b. p. 43—46°/15 mm.) and containing 20% of tetrahydro- 
furfuraldehyde is obtained. The first two fractions contain aldehyde and water, the third consists 
essentially of tetrahydrofurfuraldehyde, and unchanged tetrahydrofurfuryl alcohol comes over with the 
aldehyde in the final fractions. The distillation of the viscous hydrate at atmospheric pressure gives 
first the aldehyde—water azeotrope (b. p. ~ 100°/760 mm.)—of similar composition to that obtained at 
reduced pressure—and then the anhydrous aldehyde distils over at 145°. As is to be expected, the 
addition of water to tetrahydrofurfuraldehyde gives the viscous hydrate with a considerable evolution of 
heat. 

The properties of tetrahydrofurfuraldehyde are discussed in Part II (following paper). 


The authors thank Mr. R. K. F. Keeys for his help in some of the experimental work. 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, BILLIGHAM DIVISION, 
BILLINGHAM-ON-TEES, Co. DURHAM. [Received, June 22nd, 1948.] 





S5. Tetrahydrofurfuraldehyde. Part II. The Effect of Water and 
Ageing on its Physical and Chemical Properties. 


By J. G. M. Bremner and A. ROBERTSON. 


Tetrahydrofurfuraldehyde, unlike furfuraldehyde, turns viscous on addition of water and 
on ageing. The polymer formed on standing is a dimer, probably with an aldol structure; 
in its chemical reactions it behaves like the monomer. 


TETRAHYDROFURFURALDEHYDE differs from furfuraldehyde both in its reaction with water 
and in its behaviour on standing; furfuraldehyde is only partly miscible with water but tetra- 
hydrofurfuraldehyde is completely so. The addition of water to the latter is, moreover, accom- 
panied by a considerable evolution of heat and an increase in viscosity. On standing, furfur- 
aldehyde slowly discolours through yellow to a very deep red and eventually sets to a black 
gel. The aldehyde can be recovered in very high yield from the coloured material by a simple 
distillation (Dunlop, Stout, and Swadesh, Ind. Eng. Chem., 1946, 38, 705). Discoloration is 
accompanied by oxygen absorption with the formation of high-molecular-weight substances 
responsible for the absorption in the visible region. The discoloration can be greatly accelerated 
by treatment with air in the presence of the usual oxidation catalysts and may also be retarded 
by the addition of antioxidants. On the other hand, tetrahydrofurfuraldehyde does not dis- 
colour on standing but becomes more and more viscous. The aldehyde may be recovered from 
this viscous material by distillation. It is the object of this paper to describe more fully the 
reactions of tetrahydrofurfuraldehyde both with itself, on standing, and also with water. 
Addition of Water to Tetrahydrofurfuraldehyde——A considerable heat evolution occurs on 
addition of water to the freshly distilled aldehyde. The viscosity increases markedly with the 
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first addition of water but falls with further additions to give a clear homogeneous liquid. The 
refractive index increases with addition of water to a maximum, from nif" 1-4463 to 1-4730, 
corresponding to 90% of tetrahydrofurfuraldehyde (Fig. 1). The aldehyde contents for the 
mono- and hemi-hydrates are 84:7 and 91-7%, respectively. Tetrahydrofurfuraldehyde is 
recovered from the aqueous solution by distillation at atmospheric pressure. A water azeo- 
trope boiling just below 100° and containing 16% of aldehyde first distils and is followed by 
the dry aldehyde at 144°. Distillation at reduced pressure gave a viscous material, b. p. 40— 
43°/15 mm., which contained 83—88% of tetrahydrofurfuraldehyde. The glutaraldehyde- 
water system presents some similarity to the one under discussion (Harries and Tank, Ber,, 
1908, 41, 1701). 
Fic. 1. Fic. 2. 
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Behaviour of Tetrahydrofurfuraldehyde on Standing.—There is very poor agreement between 
the published values for the density and refractive index of tetrahydrofurfuraldehyde, as 
shown below : 

Properties of tetrahydrofurfuraldehyde. 


at’. nb. Reference. 
1-051 1-47036 Scheibler, Sotscheck, and Friese (Ber., 1924, 57, 1442) 
1-0727 1-43658 Idem (Ber., 1925, 58, 1961) 
1-10947 (25°) 1-4700—1-4708 Minne and Adkins (J. Amer. Chem. Soc., 1933, 55, 299) 
1-0874 1-4473 This work 


That these discrepancies are, in part, due to a slow change in properties on standing was 
shown by a periodic examination of tetrahydrofurfuraldehyde which was allowed to age in an 
atmosphere of nitrogen. Both the refractive index and the density increase as does the mole- 
cular weight, which was determined cryoscopically in benzene (see table). The viscosity also 
rises until the aldehyde has the consistency of a thick oil. Moreover, unlike the freshly distilled 
material, the aged product dissolves in water only slowly on warming. 


Change in properties of tetrahydrofurfuraldehyde on standing. 


MIRsp 
Ageing period. a. ne, . M[R;]p. (M = 100). 
(Freshly distilled) 1-0874 1-4473 29-5 24-6 
6 hrs. 1-0990 1-4509 — — 

1-1130 1-4581 35-1 24- 
1-1206 1-4629 40-7 
1-1270 1-4660 42-8 
1-1297 1-4676 45-1 
1-1610 1-4762 48-6 
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On long standing the molecular weight rises to a value corresponding to a dimer. The 
calculated molar refractivity from Eisenlohr’s values (Gilman, ‘‘ Organic Chemistry,’’ Vol. II, 
2nd Edn., 1943, 1751) is 24-7, similar to the experimental value for the freshly distilled aldehyde. 
The aged material has, however, a molar refractivity almost twice this figure. If, however; 
refractivities are calculated from the molecular weight of the monomer (100), an almost con- 
stant value close to the theoretical one is obtained regardless of the ageing period. This implies 
that the refractivities of the bonds broken on standing are similar to those formed. Distillation 
of the viscous polymer took place without decomposition to give the mobile monomer. 

The aged polymer was aldehydic, giving a strong reaction with Schiff’s reagent. It reacted 
quantitatively as the monomer with hydroxylamine hydrochloride and also gave the same 
2: 4-dinitrophenylhydrazone as the freshly distilled material. This indicates the change 
brought about by standing to be reversible. 

The change in physical properties on standing may be simply interpreted as due to a process 


of aldolisation : HO 
HO H(OH 
OPP 


The aldol-type dimer has a calculated refractivity of 48-8 compared with 48-6 for the aged 
material. An attempt to prepare the aldol by treatment of the aldehyde with 10% potassium 
hydroxide in the presence of dibutylamine (cf. Batalin and Slavina, J. Gen. Chem. Russia, 
1937, 7, 202) was unsuccessful, as hydration occurred when the aqueous reagent was added. 
The effect of dry sodium hydrogen carbonate on the freshly distilled aldehyde was shown, 
however, to accelerate the increase in refractive index. After 17 hours’ contact with 6% bi- 
carbonate the refractive index rose from 1-4470 to 1-4670 as compared with 1-4570 in its absence. 

An examination of the infra-red spectrum of the aldehyde during ageing showed an appreci- 
able weakening of the band at 1730 cm.—! due to the carbonyl group and of that at 2710 cm.-? 
due to the C-H bond in CHO. The variation in the optical density at 2710 cm.— With time 
(Fig. 2) resembles the change occurring in refractive index as given numerically in the table 
above. The absence of bands at 1640 cm.—' and 3200 cm.— indicates the absence of a carbon— 
carbon double bond. A band at 3390 cm.—! which developed during ageing indicated the 


formation of a hydroxyl group. No evidence for intermolecular hydrogen bonding was 
obtained. The weakening of the carbonyl and the development of a hydroxyl group are 
consistent with aldol formation. 

The hydrogenation of the aged product to a 8-glycol would represent unequivocal evidence 
for the aldol structure. The absorption both at room temperature and at 50° in the nickel- 
catalysed hydrogenation was, however, twice that expected and indicated that the material 
was behaving as the monomer in this, as in other, reactions. 


EXPERIMENTAL, 


Physical Measurements.—Molecular weight. This was determined by the depression of freezing 
point of benzene solutions. With cyclohexanol, depolymerisation tended to occur and lower values 
were obtained. 

Density. A dilatometric method was used, the flask being designed to allow accurate reading to 
0-01 ml. 

Refractive index. This was measured on an Abbé refractometer. 

Characterisation of Aged Product.—The aged product (Found: C, 59-9; H, 8-0. C,H,,O, requires 
C, 60-0; H, 8-0%) gave a positive reaction with Schiff’s reagent, and with a solution of 3: 4-dinitro- 
phenylhydrazine in 2n-hydrochloric acid it gave a 2: te nage me re m. p. 134°, identical 
(mixed m. p.) with that from the freshly prepared material; the aldehyde content, as determined by 
titration of the acid liberated on reaction with a solution of hydroxylamine hydrochloride in aqueous 
methanol (Found: CHO, 28-8. C,H,,0-CHO requires CHO, 14-5%), indicated that it has reacted 
as the monomer. 

Hydrogenation of Aged Product.—15 G. of — tetrahydrofurfuraldehyde were hydrogenated at 
atmospheric pressure in the presence of 1 g. of “y nickel catalyst at 20°. The reaction was slow 
and finally ceased after the absorption of 3-5 1. of hydrogen. The product, b. ‘4 178°, gave a 3: 5-di- 
nitrobenzoate, m. p. 83°, identical (mixed m. p.) with a specimen prepared from tetrahydrofurfuryl 
alcohol. Tetrahydrofurfuryl alcohol was also obtained as’ the only product when 90 g. of the aged 
tetrahydrofurfuraldehyde were hydrogenated at 50° and 150 atm. pressure with 10 g. of Raney nickel 
catalyst. 


The authors wish to thank Dr. R. R. Coats, Miss M. L. Allan, and Mr. A. E. Bell for their part in the 
experimental work. The infra-red examination was carried out by Mr. Kletz, and the leur hydro- 
genation by Mr. R. B. Wright. Many helpful discussions were held with Mr. R. P. Bell, F.R.S. 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, BILLINGHAM Division, 
BILLINGHAM-ON-TEES, Co. DURHAM. (Received, June 22nd, 1948.) 
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S6. Furochromones. Part I. The Synthesis of Khellin. 


By R. A. Baxter, G. R. Ramace, and J. A. Timson.* 





Methyl 6-hydroxy-4 : T-dimethoxy arone-2-carboxylate (III; R = H) failed to undergo 
the Hoesch and other reactions for the introduction of an acetyl group. On the other hand, 
6-hydroxy-4 : 1-dimethoxy an (IV) has been readily converted by the Hoesch reaction 
into 6-hydroxy-4 : 1-dimethoxy-5-acetylcoumaran (V) which, after dehydrogenation to 6-hydroxy- 
4: 7-dimethoxy-5-acetylcoumarone (khellinone) (VI) and subsequent completion of the 
y-pyrone ring, has furnished khellin (VII). 





It was shown by Fantl and Salem (Biochem. Z., 1930, 226, 166) and by Samaan (Quart. J. Pharm. 
Pharmacol., 1930, 8, 25, and subsequent papers) that extracts of the fruit of Ammi visnaga, 
which were used by the peoples of the Eastern Mediterranean regions as an antispasmodic in 
renal colic and uteral spasm, contained, amongst others, an active principle called khellin (or 
visammin). Anrep, Barsoum, Kenaway, and Misrahy (Lancet, 1947, i, 557) and Ayed (ibid., 
1948, i, 305) have recently demonstrated the value of khellin as a coronary vasodilator in the 
treatment of bronchial asthma and angina. 

The structure of khellin was established analytically by Spath and Gruber (Ber., 1938, 71, 
106) as 5 : 8-dimethoxy-2-methylfuro(4’ : 5’ : 6 : 7)chromone (VII), which on alkaline hydrolysis 
gave 6-hydroxy-4 : 7-dimethoxy-5-acetylcoumarone (khellinone) (VI). A partial synthesis of 
khellin from the latter compound was achieved by these authors by long heating with sodium 
acetate and acetic anhydride and hydrolysis of the resulting product. 

The total synthesis of khellin has now been achieved, confirming the structure given by 
Sp4th and Gruber. As at first envisaged, the method was based on the preparation of a 
suitably substituted coumarone derivative such as (III), and introduction therein of an acetyl 
group, followed by completion of the y-pyrone ring. For the preparation of (III), 2: 6-di- 

‘ benzyloxy-1 : 4-dimethoxybenzene was obtained from pyrogallol essentially by the method of 
Baker, Nodzu, and Robinson (j., 1929, 74). The preparation of the intermediate pyrogallol 
tribenzyl ether was very considerably improved by the addition of sodium iodide in the alkylation 
process. 

When 2: 6-dibenzyloxy-1 : 4-dimethoxybenzene was subjected to a modified Gattermann 
reaction (employing zinc cyanide), 2 : 4-dihydroxy-3 : 6-dimethoxybenzaldehyde (I; R = H) was 
obtained in good yield. The same aldehyde was obtained, though less conveniently, from 
1 : 3-dihydroxy-2 : 5-dimethoxybenzene, prepared by catalytic hydrogenolysis of the benzyl 
groups of the dibenzyl ether. Treatment of (I; R =H) with phenyldiazomethane, with 
benzyl chloride and potassium carbonate, or, more satisfactorily, with benzyl bromide and 
potassium carbonate, gave 2-hydroxy-4-benzyloxy-3 : 6-dimethoxybenzaldehyde (1; R = C,H,). 
This compound condensed with methyl bromoacetate in acetone in the presence of potassium 
carbonate to give methyl 5-benzyloxy-3 : 6-dimethoxy-2-formylphenoxyacetate (Il; R = C,H,, 
R, = Me). Cyclisation of this compound with sodium or potassium methoxide (cf. Birch and 
Robertson, J., 1938, 306) gave a 30% yield of methyl 6-benzyloxy-4 : 1-dimethoxycoumarone-2- 
carboxylate (III; R=C,H,) together with 5-benzyloxy-3: 6-dimethoxy-2-formylpheno#yacetic 
acid (II; R=C,H,, R, =H). However, magnesium methoxide was found to be a better 
condensing agent in this type of reaction and gave a 60% yield of the coumarone. Catalytic 
hydrogenolysis of the cyclised ester (III; R = C,H,) gave methyl 6-hydroxy-4 : 1-dimethoxy- 
coumarone-2-carboxylate (III; R = H). 

All attempts to make (III; R = H) react under Hoesch or Gattermann conditions failed, 
and the acetyl group could not be introduced by the Friedel-Crafts reaction or by Fries 
rearrangement of the O-acetate. 

Attention was then directed to the coumaran series for the introduction of the acetyl group. 
Cyclisation and simultaneous decarboxylation of 5-benzyloxy-3 : 6-dimethoxy-2-formyl- 
phenoxyacetic acid with acetic anhydride and sodium acetate gave 6-benzyloxy-4 : T-dimethoxy- 
coumarone, which on catalytic reduction at 3 atmospheres’ pressure absorbed two molecular 
proportions of hydrogen to give 6-hydroxy-4: 7-dimethoxycoumaran (IV). This coumaran 
reacted satisfactorily with acetonitrile in the presence of zinc chloride under Hoesch conditions, 
but the intermediate imine hydrochloride required refluxing with 2N-sulphuric acid to give 
6-hydroxy-4 : '1-dimethoxy-5-acetylcoumaran (V). Dehydrogenation of this coumaran to 
6-hydroxy-4 : 7-dimethoxy-5-acetylcoumarone (khellinone) (VI) was effected by subliming it 


* Patents pending. 
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under reduced pressure through a heated column containing palladium—norit (30%) prepared as 
described by Linstead and Thomas (/J., 1940, 1127). 


OMe OMe 


Os CHO 4 ycHo 
RO\ ROL CH,CO,R, 
Me 


The y-pyrone ring was most conveniently completed by the method of Cheema, Gulati, and 
Venkataraman (jJ., 1932, 925). Condensation with ethyl acetate in the presence of powdered 
sodium gave 6-hydroxy-4 : 7-dimethoxy-5-acetoacetylcoumarone, which cyclised readily with 
ethanolic sulphuric acid or ethanolic hydrogen chloride to give khellin (VII), identical with a 
specimen obtained from Ammi visnaga. 

When 6-hydroxy-4 : 7-dimethoxy-5-acetylcoumaran was condensed with ethyl acetate and 
the resulting diketone cyclised, 5 : 8-dimethoxy-2-methyl-2’ : 3’-dihydrofuro(4’ : 5’ : 6 : 7)chromone 
(dihydrokhellin) (VIII) was obtained. 


EXPERIMENTAL. 
(Analyses are by Drs. Weiler and Strauss, Oxford.) 


Pyrogallol Tribenzyl Ether.—Anhydrous potassium carbonate (225 g.) was carefully added to a stirred 
solution of pyrogallol (100 g.) in acetone (1 1.) containing anhydrous Scatem iodide (120 g.) and benzyl 
chloride (305 g.). he acer sa Mey emma maps og Soe a a further addition of potassium 
carbonate (225 g.) being made after 6 hours. The solid, o' ed after distilling the acetone and treating 
the residue with water (2 1.), was washed with dilute sodium hydroxide and distilled in steam to remove 
traces of benzyl halide. The residue (295 g., 94%), which was sufficiently pure for oxidation, could be 
purified by crystallisation from a mixture of methanol and ethanol (4: 1 by vol.), giving pyrogallol 
tribenzyl ether (250 g., 80%), m. p. 69—70°. 

2 : 6-Dibenzyloxy-1 : 4-dimethoxybenzene.—This was by the method of Baker, Nodzu, and 
Robinson (/oc. cit.). Reduction of the quinone, c from methyl ethyl ketone, and methylation 
of the product without purification, employing a 10% excess of methyl sulphate, gave 2 : 6-dibenzyloxy- 
1: 4-dimethoxybenzene in an overall yield of 85%. 

2 : 4-Dihydroxy-3 : 6-dimethoxybenzaldehyde.—{a) An ice-cooled mixture of 2: 6-dibenzyloxy-1 : 4- 
dimethoxybenzene (20 g.), zinc cyanide (35 g.), and anhydrous ether (250 c.c.) was a. stirred and 
saturated with dry hydrogen chloride. The mixture was left for 15 hours, and the ethereal layer decanted 
from the residual oil, which was then decomposed with sufficient sodium hydroxide (about 300 c.c., 2N) 
to leave the solution just acid to Congo-red ee. The mixture was then heated at 100° for 1 hour, 
cooled, the solid product filtered off and once with ether to remove benzyl chloride. 2: 4-Di- 
hydroxy-3 : 6-dimetho: hyde (9-0 & .), which formed golden needles, m. p. 198°, after crystallisation 
from methanol, was o (Found: C, 54-7; H, 5-0. F190, requires C, 54:5; H, 5-1%). - 

(b) 2: ¢ Dibensylony-1 4-dimethoxybenzene (3 g.) was dissolved in methanol (100 c.c.) and shaken 
with hydrogen at the ordinary pressure in the presence of palladium-charcoal (3 g., 10%). Hydrogen 
uptake was completed in 30 me A and the filtered solution was evaporated in a vacuum, being finally 
heated at 60—65°/1 mm. for 30 minutes. The resulting gum was used directly in the Gattermann 
congeen iving 2 : 4-dihydroxy-3 : 6-dimethoxybenzaldehyde (0-6 g.), identical with the above product 

the dibenzyl ether 

2-Hydroxy-4-benzyloxy -3 : 6-dimethoxybenzaldehyde (I; R = C,H,).—A mixture of 2.: 4-dih xy- 
3: 6-dimethoxybenzaldehyde (6-9 g.), anhydrous potassium carbonate (11 g.), and benzyl mide 
(5-7 g.) in acetone (80 c.c.) was stirred and refluxed for 2 hours. The acetone was distilled off, and the 
Tesidue treated with water (100 c.c.). The solid product was collected, dissolved in oe hydroxide 
(2x), and the solution acidified after extraction with ether to remove dibenzyloxy-co a There 
was obtained 2-hydroxy-4-benzyloxy-3 : 6-dimethoxybenzaldehyde (6-4 g.) as colourless n m. p. 122°, 
from methanol (Found : C, 66-8; H, 5-6. C,gH,,O, requires C, 66-7; H, 5-6%). Unchanged aldehyde 
(0-5 g.) can be recovere* from the aqueous potassium carbonate filtrate. 

mr ary eh 6-dim Fn Ms ¢hunsthorybemme wyacetic Acid (Il; R=C,H,, R, = H).—A mixture of 
2. xy-4- ‘dehyde (10-4 “ ), anhydrous potassium carbonate (18 g.), 
adit toeenbancladn (Oe) tn aletne (ab ean) war ealened with stirring for 8 hours. Inorganic 
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material was filtered off and washed with a little acetone, and the solvent removed from the combined 
filtrate and washings. The residue solidified and crystallised from benzene-light petroleum (b. p, 
60—80°) to give methyl 5-benzyloxy-3 : 6-dimethoxy-2-formylphenoxyacetate (10-1 g.), m. p. 103° (Found : 
C, 63-6; H, 5-7. CistlyO, requires C, 63-3; H, 5-6%). e ethyl ester, prepared similarly from ethy] 
bromoacetate, formed plates, m. p. 84—86°. 

The methyl ester (10 g.) was dissolved in methanol (40 c.c.) and sodium hydroxide (40 c.c., 2n) was 
added. The solution was heated on the water-bath for 20 minutes, cooled, and acidified with dilute 
hydrochloric acid, giving 5-benzyloxy-3 : 6-dimethoxy-2-formylphenoxyacetic acid (9-7 £). which formed 
long, colourless needles, m. p. 150—151°, from aqueous m ol (Found: C, 62:3; H, 5-2. C,,H,,0, 
requires C, 62-4; H, 5-2%). 

Methyl 6-Benzyloxy-4 : 7-dimethoxycoumarone-2-carboxylate (III; R = C,H,).—Methyl 5-benzyloxy- 
3 : 6-dimethoxy-2-formylphenoxyacetate (3 g.) in sodium methoxide solution (from sodium, 0-265 g., in 
anhydrous methanol, 15 c.c.) was heated under reflux for 15 minutes. The solution was diluted with 
ether, and washed with hydrochloric acid (10 c.c., 2N) and then with water. The ethereal layer was 
extracted with sodium carbonate, and 5-benzyloxy-3 : 6-dimethoxy-2-formylphenoxyacetic acid (1-6 g.) 
recovered by acidification. Distillation of the solvent from the dried ethereal solution and crystallisation 
of the residue from methanol gave methyl 6-benzyloxy-4 : 7-dimethoxycoumarone-2-carboxylate as prisms, 
m. p. 105° (Found : C, 66-3; H, 5-5. C,,H,,0, requires C, 66-7 ;. H, 5-3%). 

Methyl 6-Hydroxy-4 : 7-dimethoxy ‘one-2-carboxylate (III; R = H).—The above benzyl] ether 
(1 g.) in methanol (50 c.c.) was shaken with hydrogen at atmospheric temperature and pressure in the 
presence of palladium-charcoal (1 g., 10%). Absorption (75 c.c., 1 mol.) was complete in 20 minutes, 
and after separation of the catalyst and removal of the solvent the resulting methyl 6-hydroxy-4 : 7. 
dimethoxycoumarone-2-carboxylate crystallised from aqueous methanol in needles (0-7 g.), m. p. 135—136° 
(Found: C, 57-0; H, 5-1. (C,,H,,0, requires C, 57-2; H, 4-8%). The hydroxy-ester was soluble in 
dilute sodium carbonate and was reprecipitated on acidification. 

6-Benzyloxy-4 : 7-dimethoxycoumarone.—5-Benzyloxy-3 : 6-dimethoxy-2-formylphenoxyacetic acid 
(9-7 g.) and anhydrous sodium acetate (15 g.) were dissolved in acetic anhydride (100 c.c.), and the 
solution heated under reflux for 1 hour, cooled, poured into water (500 c.c.), and allowed to stand for 
15 hours. The product was isolated with ether, the ethereal layer washed free from acid with sodium 
carbonate solution and dried, and the solvent removed. Distillation of the residue gave 6-benzylozy- 
4 : 7-dimethoxycoumarone (6-7 g.), b. p. 170—175°/1 mm., which solidified to a crystalline solid and 
formed plates, m. kg 47°, from light oleum (b. P- 40—60°) in which it was easily soluble (Found: 
C, 71-8; H, 5-5. C,,H,,O, requires C, 71-8; H, 5-7%). 

6-Hydroxy-4 : 7-dimethoxycoumaran (IV).—6-Benzyloxy-4: 7-dimethoxycoumarone (6-7 g.) in 
methanol (100 c.c.) we pry percent y parry catalyst (4 g., 10%) was shaken with hydrogen at 
room temperature and an initial pressure of 5 atm., the theoretical amount of hydrogen (2 mols.) being 
absorbed. The catalyst was filtered off, the solvent removed under reduced pressure, and the residue 








distilled to give a colourless distillate (4-4 g.), rapidly solidifying in prisms. 6-Hydroxy-4 : 7-dimethoxy- 
coumaran had m. p. 114° after crystallisation from aqueous methanol and could be readily sublimed at 
100°/10-* mm. (Found : C, 60-7; H, 6-2. C,)9H,,O, requires C, 61-2; H, 6-2%). 

6-Hydroxy-4 : mesg pg rte eye rye (V).—A_ well-stirred mixture of 6-hydroxy-4: 7- 


dimethoxycoumaran (7-5 g.), anh s zinc chloride (15 g.), and acetonitrile (7 g.) in anhydrous ether 
(150 c.c.) was saturated with dry ——o chloride with ice-cooling and set aside for 3 days. The solid 
product was filtered off, washed well with ether, and dissolved in water (10 c.c.); the imine hydrochloride 
rapidly crystallised. This was filtered off and heated under reflux in dilute sulphuric acid (50 c.c., 2n) 
for 2hours. After cooling, the product was extracted with ethyl acetate and the extract washed, dried, 
and the solvent removed. The residue was distilled under reduced pressure before crystallisation of the 
product from methanol. 6-Hydroxy-4 : 1-dimethoxy-5-acetylcoumaran (5-0 g.) was obtained as pale 
yellow prisms, m. p. 105° (Found: C, 60-3; H, 5-9. C,,H,,O, requires C, 60-5; H, 5-9%). A further 
small quantity of less a ketone could be obtained by refluxing the aqueous mother-liquor from which 
the imine hydrochloride had crystallised. 

6-Hydroxy-4 : 1-dimethoxy-5-acetylcoumarone (Khellinone) (V1).—6-Hydroxy-4 : 7-dimethoxy-5- 
acetylcoumaran (1 g.) was sublimed by heating at 150°/10-* mm. through a 30-cm. column of ium- 
norit (0-7 g., 30%) on glass wool (1-5 g.) maintained at 150°. The product (0-9 g.) collecting on a cold 
finger during 8—10 hours had m. p. 84—87° and was not completely dehydrogenated; as this could not 
be purified by crystallisation, the sublimation was repeated through fresh catalyst. The resulting 
product (0-8 g.), m. p. 87—90°, was 2 from methanol, giving khellinone, m. p. 95—97°, raised by 
further crystallisation to 99—100° (Found: C, 61-1; H, 5-3. Calc. for C,,H,,0,: C, 61-0; H, 5-1%). 
The m. p. was depressed to ca. 75° on admixture with the starting coumaran. The success of the 
pee. er, me depended on the nature of the catalyst, and the best results were obtained with norit of 

re-war qu ? 
@Hydvosy-t : 7-dimethoxy-5-acetoacetylcoumarone.—6-Hydroxy-4 : 7-dimethoxy-5-acetylcoumarone 
(1-7 g.) was condensed with ethyl acetate (5 c.c.) and powdered sodium (0-7 g.) in the manner described 
below for the dihydro-compound. 6-Hydroxy-4 : 7-dimethoxy-5-acetoacetylcoumarone was obtained as 
colourless, elongated — (1-6 g.), m. Fr 79—80°, after crystallisation from aqueous methanol (Found : 
C, 60-9; H, 5-3. C,,H,,O, requires C, 60-4; H, 5-1%). 

5 : 8-Dimethoxy-2-methylfuro(4’ : 5’ : 6: 7)chromone (Khellin) (VII).—(a) The diketone (0-5 g.) was 
refluxed with ethanolic sulphuric acid (5 c.c., 20% by weight) on the water-bath for 1 hour. After 
removal of part of the alcohol in a vacuum and addition of water, the product (0-4 g., m. p. 150-—151°) 
crystallised from aqueous methanol to give khellin as colourless needles, m. p. 153°, not depressed on 
admixture with an authentic specimen from Ammi visnaga. 

(6) When ethanolic hydrogen chloride was employed, the product, m. p. 140—146°, was difficult to 
roe a by further crystallisation. After passage of a benzene solution through a column of alumina, 
= — Sa g-), m. p. 153°, was obtained (Found: C, 64-8; H, 4-9. Calc. for C,,H,,0,: C, 64-6; 

, 465%). 
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6-Hydroxy-4: 7-dimethoxy-5-acetoacetylcoumaran.—6-Hydroxy-4: 7-dimethoxy-5-acetylcoumaran (2g.) 
in ethyl acetate (5 c.c.) was added to sodium (0-8 g., powdered under xylene and the hydrocarbon 
decanted). After the initial reaction had subsided, the mixture was heated on the water-bath for 
2hours. The excess ethyl acetate was distilled off in a vacuum, and the residue decom with dilute 
acetic acid (15 c.c.). After cooling to 0°, the product (1-85 g.) was collected and free from oil 
with a little ether. After c isation from very dilute ethanol, 6-hydroxy-4 : 7-dimethoxy-5-aceto- 
acetylcoumaran was obtained as colourless prisms, m. p. 116—117° (Found : C, 60-4; H, 5-7. C,,H,,0, 
requires C, 60-0; H, 5-7%). 

5 : 8-Dimethoxy-2-methyl-2’ : 3’-dihydrofuro(4’ : 5’ : 6 : 7)chromone (Dihydrokhellin) (VIII).—The above 
diketone (1-8 g.) in ethanolic hydrogen chloride (15 c.c., saturated at room temp.) was heated under 
reflux for 10 minutes, and the solvent removed in a vacuum. Water was added, and the resultin 
product (1-4 g.) collected. 5 : 8-Dimethoxy-2-methyl-2’ : Sanat ee : 5’: 6: T)chromone formed 
needles, m. p. 150—151°, from aqueous methanol (Found: C, 64-0; H, 5-4. C,,H,,O, requires C, 64-1; 
H, 54%). 


The authors wish to thank the Director of Research, Dr. J. S. H. Davies, for advice and encouragement 
during the course of the work. 
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S7. Preparation of the Substituted 1 : 2-Dibenzoylethylenes. 


By Net CAMPBELL and Nanpoo Mar KHANNA, 


The preparation, properties, and structures of the 1 : 2-dibenzoylethylenes are discussed. 
The methods of preparation include bromination of the 1 : 2-dibenzoylethanes followed by 
dehydrobromination ; the action of aqueous potassium hydroxide on w-bromoacetophenones ; 
and the selenium dioxide oxidation of 1 : 2-dibenzoylethanes the rate of which is increased 
by traces of acid. The standard methods for the preparation of the 1 : 2-dibenzoylethanes 
are found to be of limited application. 


WE have examined five general methods available for the preparation of substituted 1 : 2-di- 
benzoylethylenes required for another research. (1) The serviceable method of Conant and 
Lutz (J. Amer. Chem. Soc., 1923, 45, 1303) with fumaryl chloride gave in our hands the trans- 
forms of 1: 2-dibenzoylethylene (65% yield), bis-p-methylbenzoylethylene (52%), bis-p- 
chlorobenzoylethylene (54%), and bis-p-bromobenzoylethylene (42%), but cannot be used to 
prepare dibenzoylethylenes with substituents in any desired position. 

(2) We have confirmed the findings of Weygand and Lanzendorf (J. pr. Chem., 1938, 151, 
204) that, contrary to the statement of Smedley (J.? 1909, 95, 219), phenylglyoxal and aceto- 
phenone do not give 1 : 2-dibenzoylethylene when treated with acetic anhydride. They do so, 
however, with glacial acetic acid containing a drop of sulphuric acid. 1 : 2-Dibenzoylethylene 
and 1: 2-bis-p-bromobenzoylethylene were thus obtained, but m-nitrophenylglyoxal and 
m-nitroacetophenone, etc., failed to give the corresponding dibenzoylethylenes. 

(3) The selenium dioxide oxidation of acetonylacetone (Armstrong and Robinson; J., 1934, 
1650) and diethyl succinate (Astin, Riley, and Newman, /J., 1933, 391) suggested a similar 
conversion of the 1 : 2-dibenzoylethanes into the ethylenes. The method proved serviceable 
giving 50—60% yields of the tvans-1 : 2-dibenzoyl-, -bis-p-methylbenzoyl-, -bis-p-chlorobenzoyl-, 
and -bis-p-bromobenzoyl-ethylenes, but with bis-p-methoxybenzoylethane only an orange oil 
tesulted. It was established that a little hydrochloric acid accelerated the oxidation and 
increased the yields and this is in harmony with the findings of Melnikov and Rokitsakja (/. 
Gen. Chem. Russia, 1944, 14, 1054) that the rate of oxidation of acetone by selenious acid is 
proportional to the hydrogen-ion concentration of the solution. 

(4) We applied Bogoslovskii’s method (J. Gen. Chem. Russia, 1944, 14, 993) successfully to 
the preparation of 1 : 2-dibenzoylethylene by the action of warm aqueous potassium hydroxide 
on w-bromoacetophenone in ethanol, but unsu to the preparation of 1 : 2-bis-m- and 
-p-nitrobenzoylethylenes. «-Bromo-o-nitroacetophenone gave what is possibly 1 : 2-bis-o- 
nitrobenzoylethylene and w-chloro-p-methoxyacetophenone yielded a compound which is 
possibly 1 : 2-epoxy-1 : 2-bis-p-methoxybenzoylethylene. Fuson and Johnson (J. Amer. Chem. 
Soc., 1946, 68, 1668) were unable to prepare 1 : 2-di-(2 : 4 : 5-trimethylbenzoyl)ethylene by this 
method. 

(5) An obvious route to the 1 : 2-dibenzoylethylenes is by bromination of one of the methylene 
groups in the corresponding ethanes followed by dehydrobromination with quinoline or pyridine, 
and we found that this provides a good method for the preparation of several dibenzoylethylenes, 
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Bromination of 1 : 2-bis-o-carboxybenzoylethane (Gabriel e¢ a/., Ber., 1877, 10, 1559; 1898, 
31, 1160; Roser, Ber., 1885, 18, 3115) proved unsatisfactory, but diazomethane gave the 
dimethyl ester easily, which by bromination in glacial acetic acid yielded 1-bromo-1 : 2-bis-o- 
carbomethoxybenzoylethane. Dehydrobromination with pyridine at 120° gave 1: 2-bis-o- 
carbomethoxybenzoylethylene. Unfortunately the ester could not be hydrolysed to the diacid, 
the products being uncrystallisable oils or solids with properties other than those required. 

It is important to differentiate clearly between the various bromo-compounds which can 
be converted into 1 : 2-dibenzoyl-ethanes or -ethylenes. The so-called y-diphenacyls with the 
generic formula R-CO*-CH,-CHBr-CO’R are the bromo-compounds mentioned in the previous 
paragraph and may be reduced to the corresponding dibenzoylethanes or dehydrohalogenated 
to the ethylenes. The a- and @-diphenacyls are probably ring compounds (O. Widman, Ber., 
1909, 42, 3261; Annalen, 1913, 400, 86) obtained by the action of alkali on w-bromoaceto- 
phenones (Fritz, Ber., 1895, 28, 3033; 1896, 29, 1751). They are reduced to dibenzoylethanes, 
but are not readily dehydrohalogenated to dibenzoylethylenes. Ajello’s statement (Gazzetta, 
1937, 67, 608) that, by the action of sodium hydroxide on w-bromoacetophenone, he obtained 
y-bromodiphenacy]l, i.e., 1-bromo-1 : 2-dibenzoylethane, is patently incorrect and by repeating 
his work we have shown that his product was a mixture of «- and 8-bromodiphenacyls. 

For the dehydrohalogenation method of preparing the 1: 2-dibenzoylethylenes to be 
effective a good general method for preparing 1 : 2-dibenzoylethanes is obviously required. 
We found that the methods in the literature are of limited application and this is in agreement 
with the conclusions of Hunsdiecker (Ber., 1942, 75, 447) on the synthesis of the aliphatic 
1 : 4-diketones. 

The colourless 1: 2-bis-p-chloro- and -p-bromo-benzoylethylenes in glacial acetic acid 
reacted quickly in the cold with hydrazine hydrate yielding the corresponding pyridazines, 
while the yellow isomers reacted only when the solutions were boiled for several minutes. 
Colourless 1 : 2-dibenzoylethylene in ethanol rapidly gave 2 : 5-diphenylpyridazine, while the 
yellow isomer gave a monohydrazone, converted to the pyridazine by boiling in ethanol or acetic 
acid. 1: 2-Bis-p-methylbenzoylethane and hydrazine hydrate gave a product which is prob- 
ably 2 : 5-di-p-tolyldihydropyridazine, since on short exposure to the air it was oxidised to 
2 : 5-di-p-tolylpyridazine (cf. Paal and Dencks, Ber., 1903, 36, 495). 


EXPERIMENTAL, 


The identity of substances was established by mixed m. p.s with authentic samples and the purity 
of products determined by the sharpness of their m. p.s on a Kofler micro-melting point apparatus. 
Analyses were by Drs. Weiler and Strauss, Oxford. 

Condensation of Substituted Phenylglyoxals and Acetophenones.—These condensations are typified 
by the following example. p-Bromoacetophenone (20 g.) was heated for 6 hours on a water-bath 
with selenium dioxide (11-2 g.), ethanol (70 c.c.), and water (8 c.c.) with frequent shaking. Filtration 
followed by distillation gave p-bromophenylglyoxal, as an orange-coloured liquid (12-3 g.), b. p. 135— 
142°/17 mm., which was refluxed for 4 hours with p-bromoacetophenone (6-8 g.) and glacial acetic acid 
(20c.c.) and one drop of sulphuric acid. With water the solution gave trans-1 : 2-bis-p-bromobenzoyl- 
ethylene (3-8 g.) in yellow leaflets, m. p. 187°, after crystallisation from chloroform, no m. p. depression 
when mixed with a sample prepared the method of Conant and Lutz (J. Amer. Chem. Soc., 1925, 
47, 891). The cis-isomer was obtained by exposure of the tvans-compound (1 g.) in chloroform (30 c.c.) 
to sunlight for 6 hours. Colourless crystals (light petroleum, b. p. 100—120°), m. p. 123° (Found: 
Br, 40-3. C,,H,,0,Br — Br, 40-5%). Condensation by Smedley’s method (loc. cit.) yielded an 
uncrystallisable oil. The ollowing compounds failed to condense satisfactorily: phenylglyoxal and 
o- or m-nitroacetophenone, phenylglyoxal and -acetamidoacetophenone, m-nitrophenylglyoxal and 
m-nitroacetophenone, -methoxyphenylglyoxal and p-methoxyacetophenone. 

Selenium Dioxide Oxidation of Dibenzoylethanes.—1 : 2-Dibenzoylethane (1-7 g.), selenium dioxide 
(0-8 g.), ethanol (25 c.c.), and water (1 c.c.) were refluxed for 24 hours, filtered, and concentrated to 
half-volume. trans-Dibenzoylethylene, m. p. 109—110°, pale yellow needles (ethanol), se ted in 
56% yield. The same mixture heated for 16 hours with a drop of hydrochloric acid added gave a 
73% yield. Similarly 1 : 2-bis-p-methylbenzoylethane gave, on 72 hours’ heating, a 62% yield of 
tvans-1| : 2-bis-p-methylbenzoylethylene, pale yellow needles (ethanol), m. p. 145—146°, the same 

ield being obtained by —— for 40 hours with the addition of.a drop of hydrochloric acid. 1 : 2-Bis- 
p-bromobenzoylethane when refluxed as above for 60 hours deposited very little selenium, but addition 
of a drop of hydrochloric acid followed by 20 hours’ refluxing gave a 64% yield of trans-1 : 2-bis-p- 
. bromobenzoylethylene, m. p. 184—187°. Similarly 1 : 2-bis-p-chlorobenzoylethane gave trans-1 : 2-bis-p- 

chlorobenzoylethylene, m. p. 170—172°, 58% yield after 60 hours’ refluxing or 36 hours with a drop of 
hydrochloric acid added. a to oxidise 1 : 2-bis-p-methoxybenzoylethane were unsuccessful. 

Action of Potassium Hydroxide on w-Br tophenones.—Bogoslovskii’s method (/oc. cit.) gave a 
70% yield of the isomeric 1 : 2-dibenzoylethylenes, but it was noted that rapid filtration and immediate 
crystallisation of the product was needed to avoid resinification. w-Chloro-p-methoxyacetophenone 
(7-1 g.) dissolved in ethanol (25 c.c.) was added to potassium hydroxide (2-2 g.) in ethanol (10 c.c.) and 
water (2c.c.). After being shaken for 5 min. the mixture was added to 200 c.c. of cold water and the 
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orange-brown product extracted with ether. The ether was well washed with water and evaporated 
to give a product which, by extraction with light petroleum (b. p. 100—120°) followed by evaporation, 
gave an oily substance. Trituration with, and crystallisation from, methanol yielded colourless crystals 
(1 g.), m. p. 148°, the analysis of which was in fair agreement with that required for 1 : 2-epoxy-1 : 2- 
bis-p-methoxybenzoylethylene (Found: C, 69-98; H, 4-7. C,,H,,0O, requires C, 69-23; H, 5-1%). 
w-Bromo-o-nitroacetophenone (5-1 g.) in warm methanol (40 c.c. at 0°) was added to potassium 
hydroxide (1-19 g.) in ethanol (10 c.c.) and water (2c.c.) and the mixture, after 5 minutes’ shaking, 
added to 200 c.c. of cold water and filtered at once. The orange-yellow precipitate was dissolved in 
glacial acetic acid (15 c.c.), the solution filtered, water (20 c.c.) added, and the a crystallised 
from 1 : 1-ethanol-glacial acetic acid. The compound is possibly 1 : 2-bis-o-nitrobenzoylethylene, colour- 
less needles, m. p. 163—164° (Found: C, 58-46; H, 3-10. C,,.H,,O,N, requires C, 58-9; H, 3-06%), 
but this must be accepted with reserve since no crystalline product was obtained with hydrazine hydrate. 

Preparation and Dehydrobromination of 1-Bromo-1 : 2-dibenzoylethanes.—1 : 2-Dibenzoylethane 
(0-45 g.), glacial acetic acid (10 c.c.), and bromine (0-1 c.c.) were warmed until the solution became 
straw-coloured. Cooling deposited 1-bromo-1 : 2-dibenzoylethane, colourless crystals (ethanol—acetic 
acid), m. p. 138—139° (Found: Br, 25-35. Calc. for C,,H,,O0,: Br, 25-2%), identical with a sample 
prepared from 1: 2-dibenzoylethylene and hydrogen bromide in glacial acetic acid. The bromo- 
compound (0-65 g.) was heated for 20 minutes in quinoline (2 c.c.) at 170—175°, poured into dilute 
hydrochloric acid, and the precipitate worked up in the usual way to give trans-1 : 2-dibenzoylethylene, 
pale yellow needles (ethanol), m. p. 108—110°, yield 95%. trans-1: Poe eee 
was similarly obtained as = yellow needles (ethanol), m. p. 145—147°, yield 95%. 1: 2-Bis-o-carb- 
ethoxybenzoylethane (0-53 g.) in glacial acetic acid (10 c.c.) was treated with bromine (0-07 c.c.), 
warmed, then added to ice. 1-Bromo-1 : 2-bis-o-carbethoxybenzoylethane separated and was crystallised 
from aqueous ethanol, m. p. 94—97° (Found: Br, 17-8. C,,H,,O,Br requires Br, 17-35%). Heating 
with quinoline or pyridine yielded no crystallisable product. 1-Bromo-1 : 2-bis-o-carbomethoxybenzoyl- 
ethane was similarly obtained and was purified by trituration with, and crystallisation from, methanol. 
Colourless crystals, m. p. 107—108° (Found: Br, 18-7. C,,H,,O0,Br requires Br, 18-47%). The 
compound (0-20 g.) and dry pyridine (3 c.c.) were heated for 20 minutes at 120°. The mixture was 
poured into water and the | : 2-bis-o-carbomethoxybenzoylethylene crystallised from methanol. Pale 

ellow needles, m. p. 109—110°, yield 97% (Found: C, 68-08; H, 4:56. C,,H,,O, requires C, 68-18; 

, 454%). Hydrolysis with various reagents was unsuccessful, but refluxing the ester (0-35 g) with 
dilute hydrochloric acid (15 c.c. of concentrated acid and 25 c.c. of water) gave an orange solid which 
crystallised from glacial acetic acid, m. p. 312—313°, and is possibly the anhydride (Found: C, 70-68; 
H, 3-56. C,,H,,O, requires C, 70-6; H, 3-2%). 

Repetition of Ajello’s method (/oc. cit.) gave a mixture which was separated by crystallisation from 
benzene into a- and £-bromodiphenacyls, m. p. 129° and 161° respectively. 

Attempted Preparation of 1: po nee Agr paper x bis-p-nitrobenzoylsuccinate (2-1 g.) was 
warmed at 45° with 3% sodium hydroxide (15 ¢.c.) and after 5 minutes the solution was cooled and 
acidified. The precipitate crystallised from hot water in leaflets, m. p. 236—237°, which gave no m. p. 
depression when mixed with p-nitrobenzoic acid (Found : C, 50-3; H, 3-0; N, 8-15. Calc. forC,H,O,N : 
C, 50-3; H, 3-0; N, 84%). Hydrolysis with 1% sodium hydroxide gave the same result, and syrupy 
phosphoric acid no crystallisable product. Similar results were obtained with the m-nitro-ester, the 
only product isolated being m-nitrobenzoic acid, m. p. 137—-139° (Found: C, 50-0; H, 2-74%). 

By the method of Bodforss (Ber., 1918, 51, 198) benzoylacetone (4-1 g.) and w-bromoacetophenone 
(5 g.) gave acetyldiphenacyl, compact prisms, m. p. 87—88° (lit., 88—89°), — 4-32 g., which was 
converted into 1 : 2-dibenzoylethane, m. p. 142—144°, yield 93%. No cry isable product could be 
obtained from the condensation of benzoylacetone and w-bromo-o-, -m-, or -nitroacetophenones. 

1 : 2-Bis-o-carboxybenzoylethane, m. p. 166—168°, obtained by the method of Gabriel and Leupold 
(loc. cit.) when heated for 1 hour with ethanol and sulphuric acid gave chiefly unreacted acid and a 
small amount of the diethyl ester, m. p. 202°, after crystallisation from ethanol-acetic acid (Found : 
C, 68-82; H, 5-70. C,,H,,O, requires C, 69-11; H, 5-75%). Attempted esterification by heating an 
ethanolic solution with hydrogen chloride passing through gave ee (Found : 
C, 73-96; H, 3-58. Calc. for C,,H,,0,: C, 74-4; H, 3-44%). The bis-p-nttrodibenzyl ester, m. p. 183— 
184° (Found: C, 64-23; H, 4-07. CH, ON, requires C, 64-43; H, 402%), was easily prepared. 
By adding the acid (7 g.) in acetone (20 c.c.) over a period of 7 minutes to a solution of diazomethane 
(2 g.) in ether (70 c.c.) followed warming for 15 minutes and evaporation the dimethyl ester was 
obtained. Colourless needles (me ol), m. p. 79—80°, yield 7-23 g. (Found: C, 68-23; H, 5-09. 
C,.H,,0, —- C, 67-98; H, 5-1%). 

Ni thalic anhydride (10 g.) and succinic acid (8 g.) were fused at 195—-200° and dry powdered 
Se acetate (4 g.) gradually added. The temperature was raised to 215—220° and an orange- 
‘own precipitate began to separate. The mixture was maintained at this temperature for 2 hours, 
cooled, triturated with warm water, filtered, and the dark-brown residue crystallised from nitrobenzene. 
Yellow crystals of bis-m-nitrophthalidylidene-ethane, m. ?. > 350°, separated, yield 0-8 g. (8%) (Found : 
C, 57-98; H, 2-15. C,,H,O,N, requires C, 58-0; H, 2-3%). Bis-p-nitrophthalidylidene-ethane, m. p. 
>350°, was similarly — (Found: C, 57-5; H, 23%). Attempts to prepare the corresponding 
acids were unsuccessful. 

Reaction of the 1: 2-Dibenzoylethylenes with Hydrazine Hydrate.—cis-1 : 2-Dibenzoylethylene (0-1 g. ; 
m. p. 134°) in ethanol (10 c.c.) and ethanolic hydrazine hydrate (0-5 c.c.; 50%) were left overnight. 
2 : 5-Diphenylpyridazine, m. p. 266°, separated in needles (Found: N, 11-8. Calc. for C,,H,,N,: 
N, 12-07%). The trans-isomer under identical conditions gave the monohydrazone in yellow leafiets, 
m. p. 146—147° (Found: N, 11-3. C,,H,,ON, requires N, 11-2%), which, on heating for a few minutes 
in glacial acetic acid, gave the above pyridazine. cis-1 : 2-Bis-p-methylbenzoylethylene gave 2 : te: 


tolylpyridazine, m. E 231—232°, colourless needles (ethanol) (Found: N, 10-2. Calc. for C,,H,,N,: 

N, 10-7%), while the trans-isomer gave only unchanged material. 1 : 2-Bis-p-methylbenzoyl e 

with hydrazine hydrate gave a caystellinn precipitate, m. p. 177—-178°, probably the dihydropyridazine, 
C2 , 
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which on standing overnight in suspension gave the pyridazine, m. p. 230—232°. cis-1 : 2-Bis-p-chloro- 
benzoylethylene (0-11 eat p. 101°) in glacial acetic acid (11 c.c.) and ethanolic pinned tedeane 
(0-5 c.c.; 50%) on standing overnight gave 2 : 5-bis-p-chlorophenylpyridazine, colourless needles, m. p. 
264° (Found : N, 9-7. C,gH,.N,Cl, requires N, 9-3%). Under the same conditions the trans-isomer gave 
unchanged compound, but yielded e pyridazine in colourless needles arty m. p. 262—264°, 
when aiened for 5 minutes. Similarly cts-1 ; 2-bis-p-bromobenzoylethylene, m $4 123°, gave 2: 5-bis- 
p-bromophenylpyridazine, m. p. 285° (Found: N, 7-00. C,H oN, Br, requires 7: 18%), while the 
tvans-isomer remained unchanged. 

Grignard Reagents and Ethylene Cyanide.—Ethylene cyanide (1-60 g.) in dry ether (50 c.c.) and 
dry benzene (10 c.c.) was treated with phenylmagnesium bromide (7-3 g.). A precipitate separated 
and after 5 minutes, shaking the mixture was added to 10% sulphuric acid (50 c.c.) and ice (30 g.). 
From the ether—benzene layer diphenyl was isolated, m. p. and mixed m. p. with authentic sample 
68—69° (Found : C, 92-8; 6-66. Calc. for C,,H,,: C, 93-5; H, 65%). 


THE UNIVERSITY OF EDINBURGH. (Received, June 23rd, 1948.] 





S8. The Kinetics of the Thermal Decomposition of Magnesium 
Hydroxide. 


By S. J. Grece and R. I. Razoux. 


The isothermal dehydration of precipitated magnesium hydroxide and of naturally occurring 
brucite has been studied at various temperatures in vacuum. For precipitated hydroxide the 
rate of decomposition as well as the heat of activation varies for different preparations, though 
concordant results are obtained with the same preparation. The rate of dehydration of brucite 
is not greatly affected by its state of subdivision, and at a given temperature is of the same 
> ero as for the j mame tener hydroxide. The results are discussed in conjunction with Mampel’s 


of the decomposition of powders. The measured rate agrees reasonably with that 
aa ted by the Polanyi—Wigner expression. 


ALTHOUGH extensive work has been done in recent years on the kinetics of decomposition of 
solids, little attention has been paid to the thermal dehydration of the hydroxides and hydrous 
oxides of metals in spite of the importance of such reactions in the laboratory and in industry. 
Moreover, the work done has been confined for the most part to the method of thermal analysis, 
in which the substance is subjected to a steadily rising temperature; this procedure, although 
very useful for the determination of the range of temperature within which decomposition 
becomes appreciable, and for the detection of intermediate products of dehydration, cannot 
throw much light on the kinetics of the process. 

The study of the kinetics is attended by various difficulties: the starting substance is 
frequently amorphous, or microcrystalline, or both; its properties depend in high degree on 
the exact details of preparation; and its chemical composition is in many cases still a matter of 
controversy. In the hope of minimising some, at least, of these difficulties, the substance 
chosen for the present work was magnesium hydroxide: it occurs in nature as brucite in a 
well-crystallised form, sometimes very pure; it crystallises in the hexagonal C6 system forming 
lamellz which can be readily cleaved so that fragments can be easily cut to shape; and it has 
been proved by X-ray measurements that in the system MgO-H,O there exist only two solid 
phases, viz., brucite and magnesium oxide, and no others (Fricke and co-workers, Z. anorg. 
Chem., 1927, 166, 244; Hiittig and Frankenstein, ibid., 1929, 185, 403; Biissem and Kéberich, 
Z. physikal. Chem., 1932, B, 17, 310). 

The method of thermal analysis has already been applied to the study of the decomposition of 
magnesium hydroxide by van Bemmelen (J. pr. Chem., 1882, 26, 227; Z. anorg. Chem., 1898, 
18, 98), Johnston (Z. physikal. Chem., 1908, 62, 330), Hiittig and Frankenstein (loc. cit.), 
Hackspill and Kieffer (Ann. Chim., 1930, 14, 227), Biissem and Kéberich (loc. cit.), Lashchenko 
and Kompanskii (J. Appl. Chem. Russia, 1935, 8, 628), Nutting (U.S. Geol. Survey, 
Professional Papers No. 197E, 1943, p. 197), and Jolisbois and Bergés (Compt. rend., 1947, 224, 
78). From this work it is seen that a suitable temperature range for the measurement of the 
rate of decomposition of magnesium hydroxide is 300—400°. 

In the following experiments the isothermal dehydration of precipitated magnesium 
hydroxide and of brucite of various states of subdivision has been studied between 300° and 
370° in a vacuum, the method of continuous weighing being used. 
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EXPERIMENTAL. 


For the determination of the weight of the sample as a function of time, the automatically recording 
electrical sorption balance of Gregg and Wintle (J. Sci. Instr., 1946, 28, 259) was employed, and is 
illustrated in Fig. 1. In order to eliminate losses due to spurting, the sample was contained in a small 
bucket of Pyrex glass, which was fitted with a lid made from a sintered-glass filter-stick and ground so as 
to fit the bucket accurately. Experiments with lumps and flakes of brucite, where spurting was unlikely, 
showed that the lid had no measurable effect on the rate of decomposition. 
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The balance: A, detachable limb; B, bucket; M, thermometer : N, inner solenoid ; 
S, outer solenoid; D, damping coil; T, tap. 


In carrying out an experiment, the bucket B with its sample was hung on to the hook of the balance, 
the limb A put into position, and the balance case ovamianell' through the tap T by means of a mercury 
condensation pump backed by a Speedivac pump. The furnace, previously heated to the temperature 
of the experiment, was then raised into position, whereupon the decomposition at once commenced. The 
temperature was recorded by the thermometer M placed in contact with the limb A at the level of the 
bucket. During an experiment the temperature was kept constant to +1°; but owing to the inevitable 
time lag in heating the sample, its temperature in the first few minutes is uncertain and the results of that 
period are accordingly liable to some error. 

The curve obtained on the recording drum of the instrument is in the form of small steps (Gregg and 
Wintle, Joc. cit.) and the apparatus registers the mass of the sample to within 0-5 mg. at intervals of 
approximately 2 mg., so t in effect 50—80 experimental points are obtained in each curve. The 
decomposition graphs given below have been obtained py eg the corners of these steps. 

Precipitated Magnesium Hydroxide.—Batches II, ITI, IV, VIII, X, and XII were prepared by runnin 
slowly 500 c.c. of N-potassium hydroxide into 500 c.c. of N-magnesium chloride (both prepared wi 
carbon dioxide-free distilled water) at the boiling point and with continuous stirring. The mixture was 
kept at the boiling point for some time, the precipitate was then allowed to settle, repeatedly washed by 
decantation, filtered off, and washed again on the filter until free from chloride ion. This usually 
required 8 hours at least. The precipitate was dried at 110° for several hours. Details are as follows : 

















Time of Time of boiling 
precipitation after precipitation Time ofdrying Loss of weight on 
Batch. (mins.). (mins.). hrs.). ignition, %. 
EES eererenreres 30 , 5 15 30-8 
BELGE) GREE. vickiiscenscies 45 30 20 30-9 
, - SNORE 10 — 30 30-9 
Mtb Bbiceececcemensnnspesiece 40 30 3 30-9 


Batch XIV was as Batch II, but sodium hydroxide was used in place of potassium hydroxide. 

Batch V was precipitated in the cold and dried at 20° over phosphoric onthe for 3 weeks. 

Batch VI was another part of the precipitate of Batch V, but was boiled with water for 12 hours and 
dried at 110° for 3 hours. 

Batch XVII was as Batch III, but prepared from sodium hydroxide and magnesium sulphate 
heptahydrate. 

Brucite C and O were kindly supplied by the Geology Department of Cairo University, and Basic 
Dolomite Inc., Cleveland, Ohio, da The two samples were very pure and the loss in weight 
on ignition was 30-9% (calc.: 30-88%). 
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Results.—Precipitated magnesium hydroxide. The decomposition curves of the various reparations 
of magnesium pe pen are of the usual sigmoid type, and the acceleratory region is generally limited to 
less than 15% of the total decomposition. ether this region is due to the process of nucleus formation 
and growth, or simply to a temperature lag in the heating of the sample, cannot be decided without far 
more experimentation; and discussion of the results will accordingly be confined to the main period of 
the reaction, t.e., the ‘‘ decay ” period, during which the rate of decomposition progressively diminishes. 
It should be noted that the reaction comes practically to a standstill at some $50, short of complete 
dehydration, and in order to expel the last traces of water within a reasonable time, it is necessary to 
raise the temperature to 500°. 

In Fig. 2, a typical set of results—for 0-4 g. of Batch III decomposed at four temperatures between 
305° and 350°—is plotted as the fraction decomposed « = (1 — w/w,) against time ¢, where w, = initial 
mass of reactant, and w = mass at time ?. 
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Decomposition fraction, x. 
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Dehydration curves of precipitated magnesium hydroxide. 
Batch III: a, 350°; b, 335°; c, 320°; d, 305°. 





Over the decay period, which corresponds to 80—90% of the complete reaction, the decomposition can 
be represented by the equation 


ae a ee a a eee ee? | 
which may be alternatively written as 
T—(l—aPP we htit+b 2. ww ew lw le lw Cw 62) 
On differentiation, (1) gives 
— dw/dt=hw . 2. 2. 1 2 ew ew el wll G8) 


where k, (the velocity constant) = 3kw,!/*; k, a, and b are constants. 

Thus by plotting (w/w,)'/* against ¢ in the case of more than 40 decomposition experiments, a straight 
line is obtained, the slope of which gives k. Fig. 3 is typical and represents the results of Batch III, 
shown in Fig. 2. It must be emphasised, however, that small variations in the index n produce only ve 
slight curvature in the plot of (w/w »)" against ¢; but when m > 1/2 or < 1/6, the line is definitely curved, 
and examination of the numerous results plotted with varying values of leaves little doubt that n lies 
close to 0-33. The value of the index has been verifed by seen logyo[— d(w/w,)/dé] against 
log,(w/w,) in a number of typical cases, and the curves approximate closely to straight lines having 
slopes which deviate by not more than + 0-04 from 0-67, as may be judged from Fig. 4. 

For a given preparation, the results were reproducible within close limits, even when some time 
elapsed between successive experiments, as will be seen from the values of kin Table I. This absence of 
ageing may well be due to the fact that all the batches were dried at 110° in an air-oven (except Batch V, 
which was dried at 20° over phosphoric oxide for 3 weeks). 


TaBLeE I, 
Values of k in duplicate experiments. 
k (hour~). _ Time k (hour). _ Time 
mnie Mrterval interval 
Batch. Temp. Expt. I. Expt. II. (days). Batch. Temp. Expt. I. Expt. II. (days). 
Ill 320° 0-76 0-78 7 VIII 365° 0-95 1-01 190 
335 1-07 1-11 68 x 365 0-78 0-83 14 


With different preparations, on the other hand, different rates were sometimes obtained even when 
the conditions of preparation had been made as like as possible; whilst slight, but deliberate, variations 
in the details of preparation sometimes gave no difference in the velocity constants. This is made 
clear by reference to Table II together with the details of preparation described above. 
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2633) found variations as great as 8-fold in the velocity o 
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t (mins.). 
Curves o (w/we,)** versus t for Batch III: a, 350°; b, 335°; c, 320°; d, 305°. 
Fic. 4. 
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log w/w. 
Typical curves of log,,[—d(w/w,)dt]) versus log,,(w/w,): Batch III: a,[350°; b, 335°; 
c, 320°; d, 305°; Batch II: e, 365°. 
TaBLeE II. 
Values of k for various preparations. 
Batch. k (hour), 335°. k (hour), 365°. Batch. k (hour), 335°. & (hour), 365°. 
II 0-45 1-32 VIII 0-50 1-01 
III 1-07 (2-27)* x 0-50 0-78 
IV 0-52 1-20 XII 0-35 0-52 
Vv 0-48 —_ XIV - 1-03 
VI — 1-10 XVII (0-50)+ 1-43 
* Extrapolated. + Interpolated. 


Erratic behaviour of this kind has frequently been ie. nae Rom we 6 J. ease 
1 ’ 


or a made in as nearly as possible the same way. Also, the results of MacDonald and 


inshelwood (jJ., 1925, 127, 2764) show about 10-fold increase in the maximum rate of decomposition 
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of silver oxalate when precipitated in ae of excess of sodium oxalate instead of excess of silver 
nitrate (see also MacDonald, J., 1936, 832). 


It was thought that these variations in the velocity constant might be related to changes in the 


internal area, and therefore in the micellar size, of the magnesium hydroxide. Accordingly, the . 


adsorption isotherms of nitrogen at — 183° were determined on several samples, having different velocity 
constants, by the ‘‘ B.E.T.” method (Brunauer, Emmett, and Teller, J. Amer. Chem. Soc., 1938, 60, 309). 
Typical isotherms of Type II (cf. Brunauer, Deming, Deming, and Teller, ibid., 1940, 62, 1723) were 
obtained and the monolayer capacity x, (proportional to the specific area) could consequently be derived 
from them by the usual “ B.E.T.” p tn m4 As will be seen from Table III, however, x, and k appear 
to be quite unrelated, so that the rate of decomposition is not determined primarily by micellar size. 


Taste III. 
Values of k and of monolayer capacity. 
Monolayer Monolayer 
k (hour), capacity, x, k (hour), capacity, x, 
Batci.. 335°. (c.c./g.). Batch. 335°. (c.c./g.). 
III 1-07 16-0 XII 0-35 16-9 
VIII 0-50 16-9 Brucite O (10—20 mesh) 0-38 Unmeasurable 


All the preparations had the same sieve size (80—150 mesh to the inch) and therefore the same 
average size of particles; but at the same time different batches showed variations up to 4-fold in the rate 
of sedimentation of the washed precipitate before drying. However, no correlation could be found 
between the rate of sedimentation and the velocity constant of decomposition. 
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Curves of logy, k versus 10*/T for Batches II, III, XII and XVII. 
Radius of circle is equivalent to 1°. 


A more likely cause of the fluctuations in the velocity constant is a variation in the heat content of the 
hydroxide, or of the oxide, or of both. Fricke and Liike (Z. Elektrochem., 1935, 41, 174) found a 
considerable difference, 2-7 kg.-cals. mol.—1, in the heat contents of two samples of magnesium oxide from 
the hydroxide, as measured by the difference in their heats of dissolution in acids, even though they had 
the same particle size as judged by X-rays. They showed that this resulted in a large difference in the 
dissociation pressure p, of the hydroxides, e.g., 1875 ~ 209 mm. of mercury at 350°. This large change 
in ~, would, of course, alter the rate of dehydration at the same temperature by several-fold. The 
difference in heat content would be expected to d id on the history of the samples such as the 
adsorption of ions during precipitation which would cause lattice distortion, disorientation of the 
crystallites, and the like. 

The variation in the heat content and therefore in p, explains also the experimental fact that the 
apparent energy of activation E varies from batch to batch. Since ky = 3hw,'/*, k may be substituted 
for k, in the Arrhenius equation, giving 

d log, k/d(1/T) = E/R Site 4) bee ea le. ee 
Fig. 5 shows the plot of log,, against the reciprocal of the absolute po pe pega 1/T, for each 
of preparations II, TEL. XII, and XVII; in each case the points fall satisfactorily on a straight line, but 
the slopes, and therefore the energies of activation, vary considerably. The values of E thus obtained 
are, in kg.-cals. mol.~?, II, 26-9; III, 19-6; XII, 12-4; XVII, 27-4. Except for Batch III they differ 
widely from the heat of dissociation of the reaction 


Mg(OH), @ = MgOw + HOw 
which is 20-24 kg.-cals. mol. at 25° according to Giauque and Archibald (J. Amer. Chem. Soc., 1937, 
59, 561). 
Bruxite.—The dehydration of brucite does not give rise to a change in the external shape of the 
crystals, though they lose their semi-transparency and become opaque and brittle. The dehydration 
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curves are similar in shape to those of precipitated hydroxide, and the rate of decomposition is of the 
same order of magnitude. As already explained, the massive brucite can be easily cut and shaped, and 
accordingly a series of experiments was carried out in order to examine the effect of shape and size on 
the kinetics of decomposition. The brucite was first cleaved with a razor blade and the thin sheets so 
obtained were then cut across; this gave small pieces having measurable external surface area. Fig. 6 
shows the dehydration curves of 0-5-g. samples of brucite comprising 1, 3, 7, 22, and 100 pieces 
respectively. Over the decay period (except near the end) the curves are represented by an equation 
ray; in form to (1) but the index now varies quite definitely from case to case between the limits 1/2 
and 1/3. 

From Fig. 6 it is seen that the rate of eee ae oe increases somewhat as the particle size diminishes, 
but much less than proportionately to the total external area of the sample—a state of affairs similar to 
that noted in a variety of other decompositions Hinshelwood and Bowen (Proc. Roy. Soc., 1921, A, 
99, 203), Farmer (J., 1922, 121, 174), Garner and Gomm (/J., 1931, 2123), Garner and Hailes (Proc. Roy. 
Soc., 1933, A, 189, 576), and others. 
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Dehydration curves of Brucite C in various states of subdivision at 365°: f, 1 piece; g, 3 pieces; 
h, 7 pieces; i, 22 pieces; j, 100 pieces; k, 40—80 mesh; 1, 100—200 mesh. 


In the present case, however, a correlation has been found between the average rate over a 
representative range of dehydration (20—40% ) and the total area of the edges of the pieces perpendicular 
to the place of cleavage. [Owing to the variation of the index of equation (1), comparison of absolute 
rates rather than of values of & is to be preferred.) This is seen by reference to Table IV. The results 
with one and with 100 pieces are particularly striking in this connection: the total external area is 
increased about 12-fold, but the rate has increased by some 2-fold only, as has the area of the edges. 
Data for powdered brucite C and O are added for comparison. 


TABLE IV. 
Effect of particle size on the vate of dehydration of brucite. 
Area of planes of A(w/w»)/At (20—40% 
cleavage, cm.*, Area of edges, cm.*. decomp.), hour". 
Series A: Brucite C, 365°. 
EN WRNNID  ncoccdsconigcesecssooons 1-74 1-04 1-12 
5 Beebe nes teee ey 3-12 1-16 1-30 
D9 ids!) bolaticnotatelagts bovedes 3-12 1-17 1-30 
D ag) -pptlipenentipasintu 4-60 1-47 1-52 
a = dain andar hirena ties 15-6 1-42 1-80 
DUET. ‘se. dutmeuingnsasathecsesere 30-0 2-15 2-02 
40—80 mesh powder ......... = — 2-26 
100—200 a BS waees.. — -- 1-34 
A(w/w,)/At (20—40% 
Series B: Brucite O, 355°. decomp.), hour. 

10—20 mesh flakes (ca. 550 pieces)............0.0-seeeeeeeeee 1-51 

20—30 Sa.’ |. sieaadenaiabeseansitertoninerihainaaaseiiains 1-37 

30—40 sk... | Wasetalipe seowatndoasneteahepetnesaiunndocies 1-27 

40—80 mesh Powder ............c.scccececcerececcecerseresseoees 1-15 


100—200 cb Baaeeccccqcancoccascccsnecgsseseéscebessesecue 0-62 
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However, this increase of the rate with decreasing icle size does not continue indefinitely. 
Indeed, after ing through a maximum, the rate of dehydration falls considerably as the brucite is 
finely powdered. is is shown in Table IV and in Fig. 6a, which represents the dehydration curves of 


— samples of Brucite C of sieve size 40—80 mesh and 100—200 mesh at the same temperature, 


That this fall in the rate is not fortuitous is confirmed by results with samples of 0-5 g. of Brucite O of 
varying particle size, obtained by crushing the brucite and sieving the product; the curves for mesh 
sizes 10—20, 20—30, 30—40, 40—80, and 100—200 are shown in Fig. 7 (the zero of time is displaced in 
order to prevent the overlapping of the curves). Equation (1) is again valid over the decay period 
except for the 100—200 mesh powder where the fit is not very good. The constant & in the first four 
cases varies between 0-81 and 0-74 hour’, and the average rate of dehydration for 20—40% 
decomposition between 1-51 and 1-15 hour? (Table IV). It therefore seems clear that the rate 
of dehydration of brucite increases with decrease of particle size up to a maximum and then falls again 
with small particles.*. 
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Dehydration curves of Brucite O at 355° (zero of time is displaced to prevent overlapping): m, 10—20 mesh; 
n, 20—30; o, 30—40; p, 40—80; q, 100—200; r, 10—20 mesh powder covered with 100—200 
mesh Pyrex glass. 


The effect of temperature on the rate of dehydration has been investigated for various particle sizes. 
The plots of log,, & against 1/T for samples of sieve size 10—20, 20—30, and 40—80 fall very nearly on 
straight lines yielding almost the same values of E, viz., 27-6 kg.-cals. mol.4. The results for the 
100—200 mesh sample, when similarly plotted, give E = 21 kg.-cals. mol.!; although this value is of 
diminished accuracy owing to the divergence from equation (1), just noted, there is little doubt that the 
difference between it and the value for the coarser samples is in excess of experimental error. 


DIscusSSION. 


It is generally accepted that in the decomposition of solids, the reaction is initiated at certain 
centres, or nuclei, formed usually on the external surfaces of the solid and in some cases also on 
the surfaces of cracks and lattice imperfections. The reaction then spreads from these nuclei 
both along the surface and into the interior of the solid; for, according to Langmuir (J. Amer. 
Chem. Soc., 1916, 38, 2263), the reaction can proceed only at the interface between the reactant 
and its decomposition product, unless these form solid solutions. Various theories have been 
put forward to account for the kinetics of such reactions, and agreement between theory and 
experiment is very satisfactory in many cases. These theories (cf. Topley and Hume, Proc. 
Roy. Soc., 1928, A, 120, 211; Hume and Colvin, Phil. Mag., 1929, 8, 589; Proc. Roy. Soc., 1929, 
A, 125, 635: 1931, A, 182, 548; Spencer and Topley, J., 1929, 2633; Bradley, Colvin, and 
Hume, Proc. Roy. Soc., 1932, A, 187, 531; Garner and co-workers, J., 1930, 47; 1931, 2123; 
1933, 1393; Proc. Roy. Soc., 1933, A, 189, 576; Science Progress, 1938, 38, 209; MacDonald, 
J., 1936, 839; Prout and Tompkins, Trans. Faraday Soc., 1944, 40, 488; 1946, 42, 468; Mampel, 
Z. physikal. Chem., 1940, A, 187, 43, 235; Erofeyev, Compt. rend. Acad. Sci. U.R.S.S., 1946, 
52, 511) differ somewhat in their postulates as to the laws of the formation and of the growth of 
nuclei. 


* A similar effect has been found in these laboratories in the thermal decomposition of limestone and 
of calcite (unpublished work). 
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Perhaps the most comprehensive mathematical treatment of the decomposition of solids in 
the form of powder is that of Mampel (/oc. cit.), who based it on two experimental generalisations 
found by earlier investigators, viz., that the rate of formation of nuclei follows a unimolecular 
law, and that the interface which is the seat of the reaction, advances at a constant linear 
velocity v. 

Considering the powder as composed of a large number of isotropic spheres of uniform radius 
y, Mampel derived a general expression for the decomposition fraction, based on probability 
considerations, and taking into account the possibility of the overlapping of the zones of 
decomposition spreading out from neighbouring nuclei. This expression reduces to simpler 
equations for three special cases: (1) The early period of the reaction covering the induction 
period for which the fraction decomposed («) is approximately proportional to the fourth power 
of the time ?, i.e.,a0c #; (2) the intermediate period, for which the equation 


et ee ee 


is a close approximation (cf. Topley and Hume; Spencer and Topley; Jocc. cit.); (3) the final 
period in which the decomposition tends towards the unimolecular law 


In (1 — a) =— kt’ + const. 


In the last two cases ?’ = (¢ — #,), where ¢ is the measured time and #, is evaluated from the 
experimental data. 

Mampel showed that the limits of these three periods are determined by the ratio of r/v, so 
that for powders of relatively large radius most of the decomposition is confined to the region (1), 
whilst for very fine powder, practically the whole decomposition follows the unimolecular law of 
period (3); and for intermediate particles the decomposition is represented reasonably well by 
either of these expressions. The reason is that with large particles, the surface of each sphere 
becomes completely covered with zones of spreading nuclei long before the decomposition has 
proceeded to an appreciable depth, and henceforth the reaction interface moves as a contracting 
membrane approximating to a spherical shell; but with small particles, the rate-determining 
factor is the rate of nucleus formation and a particle is wholly consumed by the reaction which 
has spread from a single nucleus, before any other nuclei are formed at its surface. 

The results of the present work are in general agreement with Mampel’s theory. Thus the 
decomposition of precipitated magnesium hydroxide and of powdered brucite follow equation 
(5) over the decay period except near the end when the rate becomes much less than calculated. 
Indeed, the curve of decomposition approaches the line of complete dehydration asymptotically, 
instead of intersecting it at a finite angle and therefore at a finite time, as required by equations 
(1) and (5). 

Another feature of particular interest in Mampel’s work is his prediction that, as the particles 
of a powder decrease in size, the rate of reaction must increase to a maximum for a certain 
particle size and thereafter diminish. The results of experiments on brucite in various states of 
sub-division are in accord with this prediction, as is evident from Table IV. 

At the same time it must be pointed out that there is an alternative explanation of this 
behaviour. The fact that the rate of reaction changes but slightly with large changes in particle 
size may denote that the nuclei can develop, not only on the external surface of brucite fragments, 
but also on the surface of smaller units (crystallites?) the total area of which would be scarcely 
affected by sub-division. And, in fact, microscopic examination of partly decomposed fragments 
reveals the presence of fairly numerous decomposition zones distributed at random in the 
interior of the sample. Ultimately, however, as the particle size increases, a point must be 
reached when the rate of escape of water molecules from the zones of decomposition begins to 
have an effect on the overall rate of the reaction; and as the easiest path of such escape would 
be the cleavage cracks, one would expect a rough proportionality between the measured rate and 
the total external area of the edges of the fragments composing the sample. It will be recalled 
that such a relationship was indeed found for unpowdered Brucite C (Table IV, Series A). On 
the other hand, when the particle size is sufficiently diminished, a bulk diffusion effect is to be 
expected : the water will be impeded not so much in its passage to the exterior of the particle, 
but rather in its passage through the powder as a whole. Some experiments were in fact done in 
which 0-5 g. of 10—20 mesh Brucite O was covered with a layer of 100—200 mesh powdered 
Pyrex glass weighing 0-5 g., and the rate of dehydration slowed down to a figure intermediate 
between that of the 10—20 mesh and that of the 100—200 mesh brucite (Fig. 7, broken line). 
If a bulk diffusion effect is present it would—because of its low temperature coefficient—diminish 
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the measured energy of activation; and such a diminution was indeed found with the 100—200 
mesh powder as compared with the coarser samples, as already noted. 

The two effects—that of Mampel and that due to diffusion—have quite different causes and 
could both operate at the same time. Without further experimentation, it is not possible at 
present to say whether one or both are present, and if the latter, what are the relative extents 
of the two. 

Finally, it is of interest to compare the experimental rate of decomposition of brucite with 
that calculated by the Polanyi-Wigner expression (Z. physikal. Chem., 1928, A, 189, 439; cf. 
Topley and Hume, loc. cit.; Spencer and Topley, Joc. cit.; Garner, Science Progress, loc. cit.), viz., 


—ds/it=yNeMRT. 2. 1 1 wt te tw 


where — dx/d# is the number of molecules decomposing per sec. per cm.? of interface; N, the 
number of “ molecules ’”’ of reactant per cm.?; y the frequency of vibration of the lattice. N 
may be estimated roughly by taking the average distance of separation of the ions as 3-9 a. 
(the mean of the a and the c lattice parameter); whence N = 1/(3-9 x 10-*)?. Putting 
v = 10% sec.-' and E = 27-6 kg.-cals. mol.-!, we have — dx/dt = 1-9 x 10% molecules cm.-* 
sec.—! at 355°. 

Comparison of equations (2) and (5) shows that k = v/r. At 355° the experimental value of 
k is 0-74—0-81 hour! for 10—80 mesh powder brucite. According to the arguments already 
adduced, 2r is most probably smaller than the aperture of an 80-mesh sieve, so that 
¥<8x 10-* cm. Provisionally accepting this figure, we have v = 1-8 x 10-* cm. sec.-, 
whence the experimental rate of decomposition is 1-8 x 10-* x 6-02 x 10” x (2-43/58), i.c., 
4-5 x 10 molecules cm.-* sec.—* (density of brucite = 2-43, molecular weight = 58). This is 
some 40 times less than the calculated rate: but in view of the unavoidably approximate nature 
of this type of calculation (and the tacit assumption that brucite is isotropic), an agreement 
within two powers of ten is regarded as satisfactory (cf. Garner, loc. cit., p. 220). 


The authors would like to thank Basic Dolomite Inc., Cleveland, Ohio, and the Geology 
Department of Cairo University, for kindly supplying samples of brucite. One of them (R. I. R.) is 
indebted to Professor H. T. S. Britton for providing facilities for carrying out this work at University 
College, Exeter, during his study leave from Cairo University. 
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S9. Synthesis of Carbohydrates by Use of Acetylenic Precursors. 
Part I. pu-erythroPent-4-yne-1 : 2 : 3-triol and its Conversion into 
DL-Arabitol and Ribitol. 


By R. A. RAPHAEL. 


The reaction of performic acid with the readily-available acetylenic alcohol, pent-2-en-4- 
yn-l-ol (IV) is shown to produce DL-erythropent-4-yne-1 : 2 : 3-triol (V), the constitution and 
configuration of which are rigidly proved. The conversion of the triol into pi-arabitol and 
ribitol is demonstrated. The employment of N-bromosuccinimide in aqueous medium as an 
agent for the addition of the elements of hypobromous acid to a double bond is described. 


THE only recorded work envisaging the application of acetylenic compounds to the synthesis 
of sugars and their derivatives has been that of the French chemist Lespieau. In a number of 
papers published from 1928 to 1938 he described a series of experiments culminating in the 
successful synthesis of the hexitols, dulcitol and allitol (the latter hitherto unknown) and 
the pentitols, pt-arabitol (II), and ribitol (III). (Hexitol synthesis: Lespieau, Compt. rend., 
1921, 178, 1367; 1927, 184, 1329; 1930, 190, 378; 1934, 198, 183; Bull. Soc. chim., 1928, 43, 
199; 1934,1, 1374. Pentitol synthesis: Lespieau, Compt. rend., 1924, 179, 1606; 1925, 181, 
557; 1936, 208, 145; Bull. Soc. chim., 1926, 39, 991; 1928, 43, 657; 1938, 5, 1638. For sum- 
mary see Lespieau, ‘‘ Advances in Carbohydrate Chemistry,” Vol. II, p. 107.) 
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The route adopted by Lespieau in the preparation of the pentitols may be briefly delineated 
as follows : 


(:CMgBr) 
CH,CI-CHCICHO ————-> CH,CI-CHCI-CH(OH)-C:CH 
7—13% 


KOH H,O 
——> CH,ClCH-CH'C:?CH ——> CH,Cl-CH(OH)-CH(OH)-C:CH 
85% — 68% (I.) 
Oo 
AgOAc/Ac,0 
80% 


AgCl0,/Os0, Ac,O 
——> CH,(OAc)-CH(OAc)-CH(OAc)-CH(OH)-CH,OH ——> CH,(OAc)-[CH(OAc)],-CH,-OAc 


Hy 
CH,(OAc)*CH(OAc)CH(OAc)C3CH —> CH,(OAc)*CH(OAc)CH(OAc)-CH:CH, 


H 
cuyomgnertdnct,oH re ae?) aaa aa 
H OH H OH OH 
(II.) (III.) 


The monochlorohydrin (I) was a pure, sharply-melting racemate and, since it gave rise to 
pL-arabitol and ribitol only, with no detectable amount of xylitol, Lespieau concluded that it 
possessed the erythro-configuration. As is seen, the route is long and difficult and it is doubtless 
this factor that has deterred other workers from employing similar methods. 

With the advent of a convenient preparation of the acetylenic carbinol, pent-2-en-4-yn-1-ol 
(IV) (Haynes, Heilbron, Jones, and Sondheimer, J., 1947, 1583) a new approach to the problem 
immediately presented itself. It has been shown that the triple bond is remarkably resistant 
to the action of peracids and that a conjugated enyne under these conditions is attacked at the 
double bond only (Malenok and Sologub, J. Gen. Chem. Russia, 1936, 6, 1904; 1940, 10, 150; 
1941, 11, 983; Malenok, ibid., 1939, 9, 1947). Accordingly, pent-2-en-4-yn-l-ol was sub- 
jected to the action of the conveniently-prepared performic acid (Swern, Billen, Findley, and 
Scanlan, J. Amer. Chem. Soc., 1945, 67, 1786); a smooth reaction took place with the form- 
ation of the monoformate of pDL-erythropent-4-yne-1 : 2: 3-triol, steam distillation of which 
yielded the free triol (tibenzoate, trisphenylurethane) as a viscous, water-soluble liquid. The 
constitution of the triol was confirmed by fission with sodium periodate whereby propargyl- 
aldehyde (2: 4-dinitrophenylhydrazone), formic acid, and formaldehyde were obtained. The 
stereochemical configuration of the compound was demonstrated in two ways; ozonolysis 
led to the formation of pt-erythronic acid (isolated as its phenylhydrazide), whilst oxidative 
degradation with nitric acid produced mesotartaric acid (characterised as its dimethyl ester 
and diamide). 


CH,(OH)-CH:CH-C:CH en) ee 
H OH 
(IV.) (V.) 
CH,(OAc)°CH + CH-CH:CH, 
Ac OAc 
(VI.) 
oe 
CH,(OAc)-CH ° CH *CH-CH,Br CH,(OAc)-CH *CH-CH-CH,Br 
OAc OAc OH OAc OAc 
(VII.) (VIII.) 
(III) (II) 


The production of an erythro-compound from pent-2-en-4-yn-l-ol (which almost certainly 
possesses the tvans-configuration) by means of performic acid is a further example of the theor- 
etically derived rule that tvans-addition to a trans-double bond or cis-addition to a cis-double 
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bond leads to a product with the erythro-spatial arrangement of the added groups, while trans- 
addition to a cis-double bond or cis-addition to a trans-double bond produces a compound with 
the threo-configuration. The validity of this conception is borne out by a great deal of experi- 
mental work (see below). Among the addenda to double bonds giving rise to trans-addition 
may be numbered the halogens (McKenzie, J., 1912, 101, 1196; Frankland, J., 1912, 101, 
678; Terry and Ejichelberger, J. Amer. Chem. Soc., 1925, 47, 1067; Roberts and Kimball, 
ibid., 1937, 59, 947; Lucas and Gould, ibid., 1941, 68, 2541; Prévost and Valette, Compt. rend., 
1946, 222, 326), hypohalous acids (Swern, J. Amer. Chem. Soc., 1948, '70, 1235), peracids followed 
by fission of the epoxide ring produced (the actual epoxide formation involves a cis-addition 
but many authors have demonstrated that, with the breaking of the ring, inversion of con- 
figuration on one of the carbon atoms invariably occurs; the net effect, therefore, is that of a 
trans-addition) (King, J., 1942, 387; 1943, 37; Swern, loc. cit., references 6, 7, 8, 9), and the 
iodine-silver benzoate complex (Wittcoff and Miller, J. Amer. Chem. Soc., 1947, 69, 3138). 
Those producing cis-addition include alkaline potassium permanganate (inter al., Béeseken, 
Rec. Trav. chim., 1922, 41, 199; Hunsdiecker, Ber., 1944, 77, 185; Prévost and Valette, loc. 
cit.), osmium tetroxide (Béeseken, Joc. cit.; Criegee, Annalen, 1936, 522, 75), osmium tetroxide- 
catalysed metal chlorates (Milas and Terry, J. Amer. Chem. Soc., 1925, 47, 1412; Glattfeld 
and Woodruff, ibid., 1927, 49, 2309; Braun, ibid., 1929, 51, 228), osmium tetroxide-, vanadium 
pentoxide-, and chromium trioxide-catalysed tert.-butyl hydroperoxide (Milas and co-workers, 
ibid., 1936, 58, 1302; 1937, 59, 543, 2342, 2345; 1939, 61, 1844), and hydrogen peroxide in 
the presence of ultra-violet light (Milas, Kurz, and Anslow, ibid., 1937, 59, 543). 

Lespieau (Bull. Soc. chim., 1928, 43, 657) obtained a pentynetriol by hydrolysis of the mono- 
chlorohydrin (I) with an aqueous suspension of calcium carbonate. He made no speculation 
as to its configuration but the close correlation of its properties and the properties of its deriv- 
atives with those of the triol (V), obtained in the manner described above leaves little doubt 
that the two are identical. 

Treatment of the triol (V) with acetic anhydride gave the corresponding triacetate as a 
distillable liquid solidifying on standing to a crystalline mass melting sharply at 53°; the 
physical constants of the liquid agreed with those recorded by Lespieau but he did not succeed 
in inducing crystallisation. Semihydrogenation of the acetylenic triacetate employing pal- 
ladium-calcium carbonate as catalyst furnished a good yield of the corresponding ethylenic 
compound (VI). The double bond of this latter substance was remarkably resistant to additive 
reagents. Thus perbenzoic acid, perphthalic acid, tert.-butyl hydroperoxide, and the iodine- 
silver benzoate complex had practically no effect, while performic and peracetic acids gave 
small yields of impure products. The comparative inertness of terminal double bonds towards 
peracids has been noted by many workers (Béeseken and Blumberger, Rec. Trav. chim., 1925, 
44, 90; Meerwein, Ogait, Prang, and Serini, J. pr. Chem., 1926, 118, 9; Stuurman, Proc. Acad. 
Sci. Amsterdam, 1935, 38, 450; Findley, Swern, and Scanlan, J. Amer. Chem. Soc., 1945, 67, 
412; Swern, Billen, and Scanlan, ibid., 1946, 68, 1504) and a theoretical explanation has 
recently been proposed (Swern, ibid., 1947, 69, 1692). Lespieau (loc. cit.) employed osmium 
tetroxide-catalysed silver chlorate to effect the hydroxylation, but the method is tedious and 
inconvenient, a reaction time of three months being required. 

Recourse was then had to a method widely used in the sterol field, namely reaction of the 
unsaturated compound with an aqueous solution of N-bromoacetamide; this has the effect 
of adding the elements of hypobromous acid across the double bond (inter al., Schmidt, Knilling, 
and Ascherl, Ber., 1926, 59, 1279; Salamon and Reichstein, Helv. Chim. Acta, 1947, 30, 1616). 
As N-bromoacetamide is rather inconvenient to prepare it was felt that the readily-available 
N-bromosuccinimide might well replace it in this reaction. Such proved to be the case; on 
shaking an aqueous suspension of (VI) with N-bromosuccinimide an excellent yield of a mixture 
of two racemic bromohydrins was obtained. The reaction was conveniently followed by the 
rate of dissolution of the N-bromosuccimide. Crystallisation of one of the racemates greatly 
facilitated their separation, the solid bromohydrin, m. p. 110—111°, being easily isolated by 
virtue of its insolubility in dry ether. Treatment of the solid with a solution of potassium 
acetate in glacial acetic acid—acetic anhydride furnished a viscous pentitol penta-acetate which 
was hydrolysed with methanolic hydrogen chloride to yield crystalline ribitol; further char- 
acterisation was provided by the preparation of the dibenzylidene derivative. 

The ether-soluble liquid bromohydrin was readily purified by high-vacuum distillation; 
acetylation by means of the above mixture gave a good yield of the crystalline pt-arabitol 
penta-acetate. Alcoholysis, employing a catalytic amount of sodium methoxide in methanol, 
produced crystalline pL-arabitol in 45% yield. 
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EXPERIMENTAL. 


pL-erythroPent-4-yne-1 : 2 : 3-triol (V).—A solution of pent-2-en-4-yn-l-ol (IV) (50 g.) in formic 
acid (98% ; 300 c.c.) was treated with hydrogen peroxide (100 vol.; 90 g.) added in one portion. The 
initially-purple mixture slowly decolorised and its temperature slowly rose to 50° at which point it 
was maintained by external cooling. After 16 hours the solution was evaporated under reduced pressure 
and the residual liquid distilled in a vacuum. The triol monoformate (59 g.) distilled as a mobile liquid, 
b. p. 108—110°/0-1 mm., n}f” 1-4800; the ester was rapidly hydrolysed by water, even moist air sufficing 
to produce an acrid odour of formic acid in a very short time. For this reason the analyses were 
inaccurate (Found: C, 49-0; H, 5-3. C,H,O, requires C, 50-0; H, 5-55%). 

The monoformate was steam distilled until the distillate was no longer acid to litmus. The dis- 
tilland was evaporated under reduced pressure and the viscous residue fractionated in a vacuum. The 
triol (V) (42 g.; 59%) was obtained as a viscous pale-yellow liquid, b. p. 120—122°/0-1 mm., n}* 1-5000 
(Lespieau, Bull. Soc. chim., 1928, 48, 657, gives b. p. 156—159°/4 mm., nj?” 1-489) (Found: C, 52-0; 
H, 6-9. Calc. for C,H,O,: C, 51:7; H, 6-95%). 

The trisphenylurethane of the triol exhibited a curious melting-point phenomenon. The first 
c isation from alcohol — a product, m. p. 201—205° (Lespieau, Joc. cit., gives m. p. 204— 
206°), but on further crystallisation the derivative formed needles, m. p. 178—180° (Found: C, 66-0; 
H, 4:5; N, 9-1. Calc. for C,,H,,0,N,: C, 66-0; H, 4-85; N, 8-9%). The tribenzoate crystallised in 
rosettes from light petroleum (b. p. 80—100°) or alcohol; it melted first at 110° then resolidified and 
remelted at 118—119° (Found : C, 72-7; H, 4-6. C,,H,,O, requires C, 72-9; H, 4-7%). 

Action of Sodium Metaperiodate on Triol (V).—{a) A solution of the triol (1-16 g.) in water (25 c.c.) 
was trea slowly with sodium metaperiodate (4-3 g.) in water (50 c.c.). After 16 hours at room 
temperature the mixture was steam distilled and the first 300 c.c. of the distillate treated with excess 
of aqueous 2: 4-dinitrophenylhydrazine sulphate. The filtered, washed, and dried precipitate (3-4 g. ; 
theory, 4-5 g.) was dissolved in benzene and chromatographed on alumina using benzene as the develop- 
ing solvent; an upper brown and a lower yellow band were formed. Rather unexpectedly, elution of 
the Jower band gave propargylaldehyde 2 : 4-dinitrophenylhydrazone, crystallising from alcohol in glistening 
orange-yellow needles, m. p. 121—122°, undepressed on admixture with an authentic specimen (Found : 
N, 23-8. C,H,O,N, requires N, 23-95%). The upper band on elution yielded formaldehyde 2: 4-di- 
nitrophenylhydrazone, m. p. and mixed m. p. 166—167°. 

(b) To estimate the formic acid produced the method of Halsall, Hirst, and Jones (jJ., 1947, 1427) 
was used. The triol (252 mg.) was dissolved in distilled water (100 c.c.) and sodium metaperiodate 
solution (20 c.c.; 0-2m) added. After 24 hours at room temperature ethylene glycol (250 mg.) was 
added and the solution titrated with 0-1n-NaOH using methyl-red as indicator ; the volume used (19-8 
c.c.) indicated the formation of 0-91 mol. of formic acid. 

Ozonolysis of Triol (V).—The triol (2-3 g.) was dissolved in water (20 c.c.) and ozonised oxygen was 

through the solution for 72 hours. The solution was evaporated to dryness under reduced 
pressure and the residual viscous liquid dissolved in methanol (10 c.c.); phenylhydrazine (2-3 g.) was 
then added and the mixture allowed to stand for 16 hours at room temperature. The crystalline 
material formed (120 mg.) was filtered off and crystallised from methanol, forming plates, m. p. 175— 
176° (decomp.); the nature of this material was not further investigated. The filtrate was then treated 
with ethyl acetate until no more yellow solid was precipitated; the crude phenylhydrazide (2-59 g.; 
58%) melted at 183—145°. Crystallisation from nitroethane yielded colourless prisms, m. p. 145—146° 
er eae and Hoen, J. Amer. Chem. Soc., 1935, 57, 1407, give m. p. 147-5° for pi-erythronic phenyl- 

ydrazide). 

Nitric Acid Oxidation of Triol (V).—The triol (3 g.) was treated with nitric acid (d 1-2; 40 c.c.) 
and kept at 50—55° for 72 hours. The solution was evaporated to dryness under reduced pressure 
and then warmed with a little methanol to destroy any residual nitric acid. The residue was refluxed 
for 16 hours with methanolic hydrogen chloride (50 c.c.; 5%); the hydrogen chloride was removed 
with silver carbonate, the filtrate evaporated to dryness and the residual liquid distilled in a vacuum. 
The distillate (530 mg.), b. p. 145—160° (bath temp.)/0-01 mm., rapidly solidified; crystallisation from 
chloroform yielded needles of dimethyl mesotartrate, m. Pe and mixed m. p. 113—114° (Heslop and 
Smith, J., 1944, 582, give m. p. 114°). Treatment with holic ammonia gave mesotartaric diamide, 
prisms, m. p. 184° (decomp.), from aqueous alcohol [Heslop and Smith, Joc. cit., give m. p. 184° (decomp. )]. 

cireepliontidaust :2:3-triol Triacetate—The triol (V) (12. g.) was refluxed with acetic 
anhydride (50 g.) and anhydrous, potassium acetate (1 g.) for three hours. The hot solution was poured 
into water and the precipitated oil isolated by means of ether. Distillation furnished the triacetate 
as a colourless, mobile liquid (20-2 g.; 81%), b. p. 120°/0-8 mm., nj” 1-4525 (Lespieau, Bull. Soc. chim., 
1938, 5, 1638, gives 149-5—150°/9 mm., nf#¥* 1-4445). On standing, the ester set to a solid mass; 
crystallisation from a large volume of light ——- (b. p. 60—80°) gave prisms, m. p. 52—53° (Found : 
C, 54-9, 54-65; H, 5-85, 6-1. Calc. for C,,H,,0,: C, 54-55; H, 5-8%). 

pL-erythroPent-4-ene-1 : 2: 3-triol Triacetate (V1).—The acetylenic triacetate (6 g.) was dissolved 
in ethyl acetate (50 c.c.) and the solution shaken with hydrogen at atmospheric pressure in the presence 
of palladium-calcium carbonate catalyst (200 mg.; 5%) until 1 mol. of hydrogen had been absorbed. 
Filtration, evaporation, and distillation furnished the pentene-triol triacetate as a colourless, mobile 
liquid (5-3 g.; 88%), b. p. 143—144°/11 mm., 86—88°/0-2 mm., n}f” 1-4422 (Lespieau, Joc. cit., gives 
= Pp. egy le mm., n}f* 1-4418, but no analysis) (Found: C, 53-75; H, 6-3. C,,H,,0, requires 

, 54-1; H, 6-6%). 

Full Ss employing platinic oxide as catalyst yielded pi-erythropentane-1 : 2 : 3-triol 

7.30% . p. 75—76°/0-1 mm., nf” 1-4285 (Found: C, 53-95; H, 7-25. C,,H,,O, requires C, 53-65; 
o o)- 

Action of Aqueous N-Br inimide on Triacetate (VI).—The ethylenic triacetate (VI) (3-9 g.), 
freshly crystallised, finely-powdered N-bromosuccinimide (3-9 g.; 1 mol.), and water (50 c.c.) con- 
taining a few drops of glacial acetic acid were shaken at room temperature for 16 hours. Extraction 
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with ether followed by washings with sodium metabisulphite solution, sodium hydrogen carbonate 
solution, and water yielded, after drying (MgSO,) and evaporation, an oil which partly solidified on 
standing. Separation was easily effected , 4 trituration with cold, dry ether, in which the solid was 
sparingly soluble. The solid bromohydrin (VII) (1 g.; 19%) crystallised from light leum (b. p. 
80—100°) in sheaves of needles, m. p. 110—111°, with preliminary sintering at 103° (Found: C, 39-2; 
H, 4-95. C,,H,,0,Br requires C, 39-5; H, 4-°9%). Evaporation of the ether washings and distillation 
furnished the liquid bromohydrin (VIII) (3-1 g.; 57%), b. p. 150° (bath temp.)/10-* mm., nf” 1-4730 
(Found : C, 38-7, 38-8; H, 5-0, 4-7. C,,H,,O,Br requires C, 39-5; H, 49%). 

pt-Arabitol (II).—The liquid bromohydrin (VIII) (2-5 g.) was refluxed with glacial acetic acid 
(25 c.c.), acetic anhydride (5 c.c.), and anhydrous potassium acetate (2-5 g.) for 16 hours. The acetic 
acid and excess anhydride were removed under reduced pressure and the residue into water. 
Isolation by means of ether furnished an oil which rapidly solidified. Crystallisation from light 
petroleum (b. p. 80—100°) gave prisms, m. p. 97—98° (1-8 e 68%) (Lespieau, Joc. cit., gives m. p. 
96—96-5° for pL-arabitol penta-acetate) (Found: C, 49-95; H, 6-35. Calc. for C,,H,,0,,: C, 49-7; 
H, 6:1%). The penta-acetate (1 g.) was dissolved in dry methanol (10 c.c.) containing a trace of sodium 
methoxide (from Na, 10 mg.) and the solution refluxed for 3 hours. The mixture was evaporated to 
half its bulk and allowed to stand overnight. The crystals separating were filtered off (190 mg.; 45%) 
and recrystallised from alcohol in prisms, m. p. 105° (Ruff, Ber., 1899, 32, 550, gives m. p. 104—105° 
for pi-arabitol) (Found: C, 39-65; H, 8-45. Calc. for C;H,,0,: C, 39-5; H, 7-95%). 

Ribitol (III).—The solid bromohydrin (VII) (1 g.) was refluxed with glacial acetic acid (10 c.c.), 
acetic anhydride (1 c.c.), and potassium acetate (1 g.) for 16 hours. The solvents were evaporated 
under reduced pressure and the residue treated with water. Isolation by means of ether gave an oil 
which did not crystallise. This crude penta-acetate was dissolved in methanolic hydrogen chloride 
(10 c.c.; 3%) and the solution refluxed for 5 hours. The reaction mixture was evaporated to dryness 
and the residual syrup allowed to stand in a vacuum desiccator over solid potassium hydroxide. After 
4 days it solidified; crystallisation from alcohol we needles, m. p. 101—102° (110 mg.; 24%) (Fischer, 
Ber., 1893, 26, 633, gives ots 102° for ribitol) (Found: C, 39-6; H, 8-35. Calc. for C;5H,,0,: C, 39-5; 
H, 7:95%). The dibenzylidene derivative, prepared in the manner described by Fischer (loc. cit.), 
crystallised from light petroleum (b. p. 80—100°) as a mass of felted needles, m. p. 164—165° (Fischer, 
loc. cit., gives m. p. 164—165° for dibenzylideneribitol). 


The above research was carried out during the tenure of an Imperial Chemical Industries’ Fellowship 
awarded by the University of London. The analyses were by Drs. Weiler and Strauss. The author 
is indebted to-Sir Ian Heilbron, D.S.O., F.R.S., Professor E. R. H. Jones, and Dr. L. N. Owen for their 
interest in this work. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W.7. (Received, June 29th, 1948.) 





S10. The Kinetics and Mechanism of the Sandmeyer Reaction. 
By W. A. Cowprey and D. S. Davigs. 


The kinetics of the Sandmeyer reaction for replacing diazonium groups by halogen have 
been investigated. The reaction is of the first order with respect to Both diazonium ion and 
dissolved cuprous chloride: the rate is, however, inversely proportional to the square of the 
total chloride-ion concentration. From these results it is inferred that the primary reaction 
involves collision between ArN,* and CuCl,~ ions, and that the latter are converted into 
(unreactive) CuCl,” ions at higher chloride concentrations. The value of the equilibrium 
constant for the process CuCl,~ + 2Cl- =—CuCl,”, inferred from the kinetics, is supported 
by measurement of the solubility of CuCl as a function of the chloride-ion concentration. 

The rate of the Sandmeyer reaction of substituted diazonium compounds decreases in the 
order p-NO, > p-Cl > H > p-CH, > o-CH, > p-OCH,. . 

The symmetrical azo-compound is the major by-product: its yield increases with the 
CuCl,~ concentration and in certain circumstances it is formed as a complex with cuprous 
chloride. Minor by-products include the hydrocarbon ArH, the phenol ArOH, in one case 
the diaryl Ar-Ar, and an unidentified, water-soluble fraction. 

The suggested mechanism, which involves only simple binary collisions, is (a) slow co- 
ordination of the terminal nitrogen atom of ArN,* to the copper in CuCl,~, giving [ArN,CuCl,] ; 
(b) decomposition of this to ArCl, or (c) further fast addition to it of ArN,* to give [(ArN,),CuCl,}*, 
which either (¢) decomposes to ArCl or (e) reacts with CuCl,~ to give ArN:NAr. 


THE reaction between diazonium compounds and cuprous chloride, as is well known, yields 
mainly the aryl chloride. In addition, the products include the phenol, symmetrical azo- 
compound (Erdmann, Amnnalen, 1893, 272, 141; Bogoslovskii, J. Gen. Chem. Russia, 1946, 
16, 193), and symmetrical diaryl (Ullmann and Frentzel, Ber., 1905, 38, 726). 

Two mechanisms have been suggested. Hodgson (J., 1941, 770; 1942, 376, 720; 1944, 18) 
has proposed that the main reaction consists of a simple nucleophilic displacement of N, by a 
halide ion co-ordinated on to some other species, as in the ions CuCl,” and FeCl,-, and the 
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molecule HCl. The side reactions Hodgson ascribes to the reductive formation of aryl and 
diazo-radicals, which interact to give azo-compound or diary] : 


ArN,* + e—> ArN, —> Ar +N, 
Ar + Ar-—> ArAr 
ArN,° + Ar- —> ArN°NAr. 


Unlike Hodgson, Waters (jJ., 1942, 266) believes that the cuprous catalyst plays a special 
part in the Sandmeyer reaction by virtue of its reducing properties, giving rise to aryl radicals 
which then react with halide ions to produce the aryl halide. The electron liberated in this 
second step can then regenerate the catalyst : 


(i) ArN,* + Cu! —> Ar: + N, + Cu! 
(ii) Are + Cl- —> ArCl +e 
(iti) e + Cul —> Cul 


Although the three processes are presumed to follow each other very rapidly [so that the 
actual cuprous ion oxidised in step (i) is regenerated in step (iii), and the radical need not become 
truly free], sufficient free aryl radicals liberate themselves to form diaryl by Hodgson’s mechan- 
ism, and azo-compound by the sequence : 


Ar + ArN,+ —> [Ar — N = N — Ar}* 
[ArN = NAr}+ + e—>Ar—N=N-—Ar 


(the electron presumably being furnished by the cuprous catalyst). 

Some work on the kinetics of the reaction was carried out by Waentig and Thomas (Ber., 
1913, 46, 3923), who reported that the reaction was first order with respect to diazonium con- 
centration, accelerated (not systematically) by an increase in total cuprous chloride, and 
retarded by hydrogen chloride. Complexes of the formula X-C,H,’N,Cl,Cu,Cl, were isolated, 
and it was suggested that these substances formed rapidly and then decomposed slowly to the 
aryl chloride. 


The present, more extensive, kinetic analysis proves to be inconsistent with the Waters and 
the Hodgson hypothesis : a new mechanism is proposed. 


EXPERIMENTAL, 


The detailed pattern of the kinetics was established in the case of diazotised o-toluidine, and the 
general outline confirmed in the other cases studied. As a preliminary, complete analyses of the 
products in typical experiments were carried out for this reaction. These established that the oil layer 
consisted only of o-chlorotoluene (determined the intensity of the infra-red band at 762 cm.“*), 
2: 2’-azotoluene (determined colorimetrically and from the absorption at 725 cm.~*), toluene (infra-red 
band at 735 cm.-'), and cresol (bromine titration), the last two in small amounts. Together with the 
small amount of cresol which could be extracted from the aqueous layer, these yields amounted to only 
85—94%, of the total. The missing fraction (which had lost its nitrogen) was necessarily in the aqueous 
layer, but could not be isolated, although 10% of the missing carbon was found in the inorganic salts 
remaining after vacuum evaporation. 

The yield of the chloro-compound rose at the expense of the azo-compound (the main by-product) 
(a) when the chloride-ion concentration in the medium was increased and (b) when the diazonium 
solution was added gradually to the cuprous chloride solution (normal preparative practice) instead of 
being all added simultaneously at the outset. 

In the more extensive experiments, it was considered sufficient to measure the azo-yield colori- 
metrically (to determine the influence of conditions on the products) and to estimate the velocity of 
reaction from the nitrogen evolution. The reaction was carried out in a 2-1. flask fitted with a mercu 
seal stirrer and connected to a gas burette. Water at a constant temperature circulated round flas 
and burette. Diazonium solution and buffer were brought to the reaction temperature in the flask: 
a solution of cuprous chloride in hydrochloric acid was introduced into a closed side-bulb which was 
connected to the flask by a ground-glass joint and whose contents could be poured rapidly into the 
flask by rotating the side-arm in the joint. The reaction a thus been started, the change in gas 
volume (at atmospheric pressure) was recorded at intervals. Efficient agitation was essential: it was 
found sufficient to use a stirrer with two one-inch links rotated at 1500 r.p.m. 


Results, 


(a) Kinetics —The reaction is of first-order initially: if a is the total volume of nitrogen evolved 
at the end of reaction and x the volume evolved after time #, a plot of log (a — x) against ¢ (see Fig. 1) 
is linear for a considerable proportion of the reaction period. That it is not so for the whole run is 
due to consumption of cuprous chloride in the side reaction 


2ArN,* + 2CuCl —> ArNINAr + N, + 2Cu*+ + 2CI- 


D 
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and if as little as 0-1 mol. of cuprous chloride is used per mol of diazonium compound, the nitrogen evolution 
stops before the diazonium ions are exhausted, and restarts when more cuprous chloride is added. 
Other side reactions (except phenol formation) also involve permanent catalyst oxidation. Rate con- 
stants, therefore, were determined from the initial slope of the first-order plots. 

There was sometimes an induction period of a few seconds—possibly the time required for the 
establishment of the CuCl-Cl~ equilibrium. 

To avoid changes in the ionic environment, the ionic > was. kept constant in most of the 
experiments at a value of 4-5 by the addition of ammonium sulphate. In addition, the acid concen- 
tration was adjusted so that the HSO,- = SO,” equilibrium operated as a buffer and maintained the 
OH,* concentration in the one 0-01—0-03. Further experiments also showed that considerable 
changes in ionic strength and pH were without effect on the rate. 
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Sandmeyer reaction of diazotised o-toluidine : typical reaction curves: a=final volume of nitrogen 
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The a was further simplified when it was established that the addition of a second phase of 
chlorotoluene or mixed reaction products did not alter the velocity of reaction. 

The variables which had most effect were diazonium, cuprous chloride, and chloride-ion concen- 
trations. Table I and Figs. 2 and 3 show that the first-order rate constant is (i) unaffected by changing 
the initial diazonium concentration, (ii) almost linearly proportional to the total CuCl concentration, 
and (iii) almost proportional to the inverse square of the total chloride-ion concentration. 


TaBLE I. 
Effect of diazonium concentration on rate of reaction. 
[CuClersscivea] = 0-025; [Cl-]=1-125. 


[ArN,*Jinstia 0-022 0-033 0-044 0-066 
434-3k’ (rate constant), sec.-! 2-0 1-8 1-9 1-8 +01 


Figs. 4, 5, and 6 show that the azo-yield (i) decreases slightly on increasing the diazonium concen- 
tration, (ii) increases markedly with increase in the cuprous chloride concentration, and (iii) decreases 
as the chloride-ion concentration increases. In these figures, a minor correction has been applied to 
the chloride concentration to allow for the reaction of Cl- with cuprous chloride. 

The results can all be correlated in terms of the equations : 


—A[ATN,*] _ AyLAtNg*][CuClasoivea] 
dt 1+ (Cl-}*/K 


dA _ 2hglCuClasmaiv] - 
eo or 





(1) 


where C is the concentration of chloro-compound in moles/litre and A that of azo-compound in half- 
moles/litre at any time ¢. 
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" The full lines in Figs. 2—6 show the rates of nitrogen evolution and azo-yields calculated from 
. these expressions (with k, = 3, K = 0-1, and k, = 130) in the following way. 
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Effect of cuprous chloride concentration on rate of diazotised o-toluidine Sandmeyer reaction. The line 
shows the calculated values. In all experiments [diazo)josi.3= 0-033 and (Cl-]= 1-425. 
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Effect of chloride-ion concentration on rate of Sandmeyer reaction of diazotised o-toluidine. The line 
shows the calculated values. In all cases [diazO)snsjg3=0°033 and [CuCl] =0-025. 
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Effect of initial diazonium concentration on azo-yield in ew = veaction of diazotised 0-toluidine. 
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Effect of cuprous chloride concentration on azo-yield in Sandmeyer reaction of diazotised o-toluidine, 
The line shows the calculated values. In all experiments (diaz0)si=0°033 and [(Cl-]= 1-425. 
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Chloride-ion concentration. 
Effect of chloride-ion concentration on azo-yield in Sandmeyer reaction of diazotized o-toluidine. 
The line shows the calculated values. In all cases [diazO)ssij.3= 0-033 and [CuCl] =0-025. 


Since the azo-formation only involves the evolution of half the nitrogen, then, neglecting minor 
side reactions, we have 

d[N, evolved] oe —d[ArN,*] dA dA ) 
ai ai (1+ 452)/(1 +32 | pein: ab ec ood 


so that, from equations (1) and (2), we have 





[a-}? 
d(N, evolved] _ &,[ArN,*)(Cucy } } + “Fe ~ + PalCaClateoivea] - 
dt ihe Cl-}#/K Ci}? Bi hoy ce 
FTES [1 Ee + thglCaChenmtret] 
the equation required to calculate the apparent rate constant for nitrogen evolution. 
Assuming that the chloride-ion concentration is high and does not change, equation (2) can be 
integrated to: 








ae. 2k,C 
log 4 = TH cK ae ae ee a ae 
where B is the initial cuprous chloride concentration. It is also necessary that, minor side reactions 
being neglected, 


Cans + Anna = [diazo] nition “ae a ee 
Graphical solution of the equation obtained by combining (5) and (6) gives values of Ag,,, and 
Caos Which can be used to determine the azo-yield [A gna:/(A gna: + Canai))- 

The main limitation to this treatment is the assumption that cuprous chloride is consumed only in 


the reaction leading to azo-compound. Bearing in mind the fact that this is only approximately true, 
the agreement between Rs This is a 


redicted and observed azo-yields (Figs. 4—6) is not unreasonable. 
more searching test of the equations (1) and (2) than the rate of nitrogen evolution: the azo-yield is 


yi 
a function of the whole course of reaction, while the rates quoted are a function only of the condition 
early in the reaction. 
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The apparent first-order rate constants (k’) for nitrogen evolution in some other Sandmeyer reactions 
are shown in Table II. The same behaviour is observed when the CuCl and Cl~ concentrations are 
changed : the values of k, calculated when K and &, are given the same value as in the case of o-diazo- 
toluene are also shown in the table. The use of the same values of K is justified later (see below): it 
may be observed that quite large changes in k, (which governs the azo-yield) do not affect the nitrogen 
evolution rate markedly. The effect of substituents is very pronounced: the rate falls in the order 
p-NO, > p-Cl > H > p-Me > p-MeO, i.c., the reaction is assisted by electron-attracting groups. 


TaBLeE II. 
(Cl-] 434-3 k’ (Cl-] 434-3 k’ 
Parent amine. [CuCl]. added. (mean). &y. Parentamine. [CuCl]. added. (mean). A. 
-Nitroaniline Aniline 0-01 1-5 7-9 41 
Sulphanilamide pet ol 0-025 19 118 40 
Sulphanilic acid 0-01 1-9 4-1 34 
p-Chloroaniline 0-005 3:7 2-6 160 p-Toluidine 0-025 1-1 4-4 5-7 
0-01 3-7 5-4 170 0-025 1-5 2-5 5-5 
p-Anisidine 0-025 81-5 0-17 0-38 0-025 1-9 1-4 4-8 
0-025 1-9 0-11 0-37 


Azo-compounds were isolated from among the products in these Sandmeyer reactions, and in one 
case (p-nitrobenzenediazonium) the diaryl was also obtained. 

In two typical cases (diazotised aniline and p-toluidine) the rate constant was measured as a function 
of temperature between 0° and 20°. The results are shown in Table III: the apparent activation 
energies are respectively 6-0 and 7-5 kcals./mole. It would be difficult to measure the kinetics above 0° 
in the other cases: in the diazotised chloroaniline reaction the rate becomes too great to measure: in 
the cases of o-toluidine and anisidine the competing reaction of decomposition to phenol becomes serious. 

Since (Cl-]*/K is greater than 20 at the chloride-ion concentrations studied in these experiments, 
the rate expression can be simplified to 


d(N, evolved] _ &, K[ArN,*}[(CuCl] 
di 7 (a-}? , 





so that the apparent activation energy is the sum of the heat content changes represented by 
a oe k,/d(1/T) and R.din K/d(1/T). The physical significance of k,, K, and k, will now be con- 
sidered. 
Taste III. 
Temp. (Ci-}. {CuCl}. 434-3 k’ (sec.1). EE (kcals./mole). 
Aniline 9 1-9 0-01 41 
9-5 1-9 0-01 6-7 6-0 
19 1-9 0-01 9-5 
p-Toluidine 0 1-5 0-025 2-5 
8 1-5 0-025 as| 73 
19 1-5 0-025 5-8 
‘0 1-9 0-025 1-4 
8 1-9 0-025 20| 77 
19 1-9 0-025 3-4 


(b) Nature of the Reactive CuCl Spectes.—The ~~ catalysis by chloride ion appears to be the 
same in all the Sandmeyer reactions studied: it is therefore likely that the addition of chloride affects 
the ionic condition of the cuprous chloride rather than the diazonium ions. Qualitatively, it seems 
simplest to assume that the addition of Cl- converts a catalytically active cuprochloride species into a 
more highly co-ordinated, catalytically less active (or inactive) substance. Quantitatively, it is possible 
to account for the inverse-square dependence of rate on chloride concentration by postulating that 
CuCl in a chloride solution exists as CuCl,~ and CuCl,", the former alone being catalytically active. In 
such a case, ordinary equilibrium considerations lead to the equation 


-1 — [CuClaissoivea] 


where K is the equilibrium constant [CuCl,~][Cl-]*/([CuCl,"]. If now the reaction rate is of first order 
in both CuCl,~ and ArN,*, the rate expression becomes 


—d{diazo) _ kyLAFN,*][CuClamsoived] 





dt 1 + (C-}*/K 


which is the same as equation (1) and enables K in this equation to be identified as the constant governing 
the CuCl,~/CuCl,” equilibrium. 

The assumptions (a) that CuCl,” is the reactive species, converted into CuCl,” at high chloride 
concentrations, or (b) that CuCl,~ is the catalyst, converted into CuCl,~ as Cl- is added, would lead 
to an inverse first-power d dence of rate on chloride concentration. It is quite ible, however, 
a a small proportion of the CuCl is present as CuCl,”, as long as CuCl,~ and CuCl,” are the principal 
orms. 
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It has been recognised for yey yathe that cuprous chloride dissolves as CuCl,~ at low chloride 


concentrations (cf. Noyes and Ming Chow, J. Amer. Chem. Soc., 1918, 40, 739; Bodlander and Stérbeck, 
Z. anorg. Chem., 1902, $1, 1). A method was — for elucidating the nature of the species involved, 
and determining the constants, in the equilibria between CuCl and Cl~ at high concentrations of the 
latter. At such high ionic strengths (>2) measurements of the total activity of the species in solution 
by freezing-point depression or similar methods would be difficult to interpret : the activity coefficients 
in question are not known and would be hard to measure. On the other hand, solubility measure- 
ments offer rather better 2 cyenneee The total solubility s of cuprous chloride is equal to the sum 
of the concentrations of all the cuprochloride anions : 


s = [(CuCl,-] + [CuCl,7] + [CuCl,”) 


If the solubility measurements are carried out at various chloride-ion concentrations but at constant 
total ionic strength, and the assumption made that the activity coefficient ratios fow,-/fo-, 
Soua,=/(fa-)*, 20d fown,=/(fa—)* are constant (but not necessarily unity) then 


[CuCl,-] = a[Cl-}; [CuCl,"] = b(Cl-]}*; [CuCl,"] = e[Cl-}* 


(where a, b, c, are constants) and 
Poe 8s OD 


The analytical deduction of a, b, and c from an observed solubility-added chloride concentration 
curve is unfortunately impossible, since the value of [Cl~] in equation (7) is not the added chloride 


concentration M, but 
(Cl-] = M — [CuCl,~] — 2[CuCl,~] — 3[CuCl,") 
= M — a{[Cl-] — 20(Cl-]? — 3c(Ci-}3. i tere atitecdes ots ance 


However, for assumed values of a, b, and c, a curve relating s and M may be drawn from equations 
(7) and (8) by the method of successive approximations. Such curves may be compared with experi- 
mental s—M plots, and the best values of a, b, andc sochosen. The concentration equilibrium constants 
[CuCl,~}(Cl-}*/[CuCl,”) (i.e. K) and (CuCl,~][(Cl-]/[CuCl,”) are then given by a/c and b/c respectively. This 
was the method chosen. 

Previous solubility determinations (Abel, Z. anorg. Chem., 1901, 26, 401; Bodlander and Stérbeck, 
loc. cit.; Valeton and Frémel, Z. anorg. Chem., 1924, 187, 91; Brgénsted, Z. physikal. Chem., 1912, 80, 
206; Engel, Comp. rend., 1895, 121, 529; Kremann and Noss, Monatsh., 1912, 88, 1205) are surprisingly 
inconsistent. The most likely cause of error is solution through oxidation, and fresh determinations 
were undertaken under the Sandmeyer conditions (constant ionic strength and roughly constant pH) 
with special care to exclude air. 

The chloride solution, with a small excess of solid cuprous chloride, was stirred .at 5° in a vessel 
through which air-free nitrogen was passing. The solution was slowly cooled ($ hour) to 0°, and a 
sample then withdrawn by suction through a sintered-glass filter, without opening the apparatus. 
The system was then further cooled to —2°, and then allowed to warm slowly to 0°, whereupon a further 
sample was withdrawn. The two ——— were oxidised to the cupric state with hydrogen peroxide, 
the excess of the latter boiled off, and the copper analysed by precipitation and weighing as the salicyl- 
aldoxime complex. 

The results are given in Table IV. Agreement between pairs of determinations was usually within 
1%. Acidity had little effect. 


TABLE IV. 
(a) [OH,*] = 0-01—0-04; w = 4:3. 
M (added chloride)... 0-2 0-4 0-6 0-8 1-0 1-2 1-4 1-6 1-8 
BS (ARGRE)  cccseccccccccce 00065 0-017 0-030 0-050 0-074 0-103 0-144 0-194 0-248 
(6) Solution nearly neutral (no acid added); w = 4-5. 
M (added chloride) ..........:...+++ 0-2 1-0 1-8 
IEE Gitteriscicciaecictsssccssquoceuhe 0-0072 0-079 0-264 


It can readily be seen that gross errors would be caused by equating M and Cl at the higher end 
of the concentration range. 

By the method outlined above, it was found that these values could best be interpreted by assuming 
that 6 = 0, and a/c( =[CuCl,~][Cl-]*/[CuCl,"] = K) was of the order 0-1 (with c = 0-17). The fit, though 
not perfect (see Fig. 7) was better than that with a/c = 1 or 0-01. The measurements can do no more 
than fix the order of magnitude of a/c. However, the fact that a/c (K) is of the same order as the 
value inferred from the kinetics, lends probability to the hypothesis that CuCl,~ is the active 
species. It also becomes possible to determine the activation energy corresponding to the bimolecular 
rate constant Ry. The temperature coefficient of K is determined by the heat of the reaction CuCl,~ + 
2Cl- —> CuCl,”. This quantity can be determined as the difference between the heat of solution at 
constant ionic strength of CuCl in 0-2m-Cl- (where it dissolves almost entirely as CuCl,~) and in 2-0m-Cl- 
(where it dissolves almost entirely as CuCl,"), and has a value of 0-9 + 0-75 kcals./mole (determined 
by Mr. G. R. Nicholson of these laboratories). 

Hence, the true activation energy for the diazotised p-toluidine reaction is 7-5 — 0-9 = 6-6 + 1 
kcals./mole. The non-exponential factor A therefore has the value 10*+%® g.-mol. 1. sec.. 








Leal 


_ orev" www Yew 


l 








[1949] Mechanism of the Sandmeyer Reaction. S 55 


(c) Experiments involving Extreme Variation in the Conditions. pate of a Copper Azo-com- 
pound.—It was observed earlier (p. S49) that the yield of azo-compound was decreased by maintaining 
a very low stationary diazonium concentration throughout the reaction by running diazonium solution 
slowly into a cuprochloride solution. Fig. 4 shows that there is no decrease in azo-yield when the 
initial diazonium concentration is decreased from 0-07 to 0-02. It seemed important, therefore, to 
investigate this matter further. A diazonium solution was prepared and divided into two equal parts. 
A cuprous chloride solution with the same chloride concentration as the diazonium solution was buffered 
at [OH,]* = 0-02 and also divided into equal parts: the volume of this solution was considerably 

ter than that of the diazonium solution, so the change in [CuCl] on addition of the latter solution 
was not important. 

To one portion of the cuprochloride solution, the diazonium solution was added gradually: to the 
other it was all added at once. The results of two such pairs of experiments with diazotised o-toluidine 
are given in Table V in the form of yields %. ‘ 

It is confirmed, therefore, that the reduction of [ArN,*] to very low values considerably improves 
the yield of chlorotoluene at the expense of the azotoluene. 


Fic. 7. 


Solubility of CuCl at 0°. 








oride-ion concentration. 


Variation of solubility of cuprous chloride with free chlovide-ion concentration. 
The line is calculated with K = 0-1. 


TABLE V. 
[Cl-] = 1-6; [CuCI}inai = 0-025. 

Product. Rapid addition. Gradual addition. 
I vince ub cinisstovineodin’ 55-5, 54-5 64, 64 
PEER Sncdcnbedetessaseshacanenss 20-2, 24-2 9-7, 9-7 
IIE Sinead ddncanddinmiabsunbcnabeinte 3-7, 1-3 1-9, 2-1 
IE casncionctionddusaneneadtivecetes ca. 4 ca. 4 


In some of the experiments at high cuprous chloride concentration, the initial product was black 
and tarry, but, on being warmed to 50°, this lightened to give the usual red oil. The nature of this 
black material was further investigated. In a preparation in which the initial concentrations of 
diazotised o-toluidine, CuCl, Cl-, and OH,* were respectively 0-033, 0-1, 0-9, and 0-02, the black solid 
was filtered off. When moist, this did not dissolve rapidly in solvents, but when warmed with cyclo- 
hexane it dissolved to a red solution of azo-compound, leaving a light-coloured insoluble residue which 
was also insoluble in water and had the properties of cuprous chloride. The azo-yield of 53-7% corre- 
sponded with the observed deficit of 27% in the nitrogen evolution. 

The black solid could also be decomposed by warming with 4n-hydrochloric acid; the azotoluene 
was extracted away with cyclohexane and determined: the aqueous layer became green on oxidation 
with hydrogen peroxide and gave a deep blue colour with ammonia; salicylaldoxime pe a precipitate, 
so this fraction undoubtedly contained er, This was determined by weighing e ye oxime 
precipitate. The azo: copper ratios (molar) thus obtained in analyses (a) of the moist black solid 
and (b) of a sample left in a vacuum desiccator at 0° for 12 hours to remove chlorotoluene were re- 
spectively 2-6 and 2-4. Elementary analysis of the dried compound gave C, 61-05; H, 5-45; N, 10-85%, 
which corresponds to a C:H: N ratio of 13-0: 13-8: 2 compared with 14: 14: 2 required by the azo- 
compound. 

The actual value of the azo: cop ratio may not be significant, because the black solid may 
have contained free azotoluene (which could not be removed by solvents without decomposing the 
complex). The copper must have been combined, there being no other circumstance to make it separate 
from the solution. Cuprous chloride and azotoluene do not combine directly under these conditions, 
so that the copper-azo-compound must be an intermediate in the formation of the free azo-compound. 

Copper azo-compounds are not found onan, the reaction products when the Sandmeyer reaction 
is carried out in very acid solution: presumably they are decomposed by acid. They are formed 
(at low acidities) in the Sandmeyer reactions of diazotised p-chloroaniline, aniline, p-toluidine, and 
p-anisidine. In none of these cases could the compound be crystallised or otherwise purified without 
decomposition. 
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DIscussIon. 


The experimental data given above may be summarised as follows. (1) The reaction is 
of first order with respect to each of the two species ArN,+ and CuCl,-, the ion CuCl,” (formed 
at higher chloride-ion concentrations) being catalytically inactive. (2) The ratio of the rates 
of production of azo-compound (the main by-product) and chloro-compound is proportional 
to the concentration of the ion CuCl,~. (3) Both activation energy (6-6 kcals./mole) and non- 
exponential A factor (10°) are low in a typical case (diazotised p-toluidine). (4) The azo- 
compound appears in the first instance co-ordinated to copper. (5) The effect of substituents 
on the reaction are such that the rate decreases in the sequence p-NO, > p-Cl > H > p- 
Me > p-OMe. 

Fic. 8. 








log (rate constant) for Sandmeyer reaction. 








log (rate constant) for coupling. 
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O,~ 
° =~ coupling vate here plotted is for p-bromodiazobenzene: the Sandmeyer figure is for p-chlorodiazo- 
mzene. 


In connection with (5) it is noteworthy that the influence of substituents on the rate of 
the azo-coupling reaction (Conant and Peterson, J]. Amer. Chem. Soc., 1930, 52, 1220) is very 
similar to that in the Sandmeyer reaction. Fig. 8 shows the logarithms of the two series of 
rate constants plotted against one another: the relationship is more nearly linear than that 
between the logarithm of the Sandmeyer rate constant and Hammett’s o factor. This suggests 
that the two reactions both involve the terminal nitrogen of the diazonium group: the effect 
of substituents on the electron availability at this point may well be different from the effect 
on the availability in the carboxylate group (which determines ¢). 

The finding (1) implies that the rate-controlling step is either a collision between ArN,* 
and CuCl,~ or the decomposition of a complex so formed [e.g., ArN=N —> CuCl, (I)], present 
in small concentration, and in mobile equilibrium with the reactants. The latter seems the 
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less probable, since electron-attracting groups such as —NO, should reduce the availability of 
electrons on the terminal nitrogen and displace the equilibrium away from the complex (I). 
In fact the nitro-group assists the reaction, and there seems no good reason why it should 
facilitate the decomposition of (I) sufficiently to over-compensate for the reduced concentration 
and thus drastically increase the overall rate. 

On the other hand, the withdrawal of electrons from the diazonium group would assist the 
approach of the negatively charged CuCl,- ion. A rate-determining collision between ArN,+ 
and CuCl,- would therefore explain the substituent effect. Such a collision might occur in 
two ways : (i) The Cu might become co-ordinated on to the terminal nitrogen, and the complex 
subsequently undergo rapid reactions leading to the products; or (ii) the halogen might approach 
the nuclear carbon attached to the diazonium group, with direct displacement of nitrogen and 
formation of aryl chloride (as in the Hodgson mechanism). The scheme (ii) is unattractive 
since it affords no reason why CuCl,”, with its greater charge and larger number of Cl groups, 
should not be more reactive than CuCl,- and fails to explain the low A factor (see below) ; 
(i), on the other hand, is quite reasonable and can be made the basis for a complete mechanism 
explaining the kinetics of the appearance of azo- as well as chloro-compound. 

The diazonium ion can probably be represented as a hybrid of the forms (a) and (b), so 
that the terminal nitrogen atom bears a small negative charge (despite the net positive charge 
on the ion). Introduction of a nitro-group will increase the predominance of structure (a) 
and reduce this negative charge. Interaction between ArN,+ and a cuprochloride anion is 
therefore a reaction between negatively charged centres (though between oppositely charged 
ion?) and as such may quite reasonably be the rate-controlling step. 


+ + + 
S 
ee <_— <> Be 
VA a 


(a.) 





(b.) 

In this connection, it is of interest that the A factor of the reaction (10*) is low. Bell (/., 
1943, 629) has drawn attention to a systematic connection between the magnitude of A and the 
ionic type of the reactants. An A+—B- reaction has a value for A of 10%—10"; and A+-—Bt 
reaction a value of 10°—10’. The low value in the Sandmeyer reaction suggests that in this 
case it may be the charge on the reaction centres that determines A. It is also relevant that 
the A factor in the azo-coupling (ArN,t—Ar’O-) reaction, again formally of the A+—B- class, 
is only 10° (in calculating this value, allowance has been made in the activation energy for the 
heat of ionisation of the. phenol). 

It is now necessary to consider the steps which follow the slow reaction 


ArN,* + CuCl,~ —> [ArN = N—> CuCl] 
to give azo- and chloro-compound (and the other by-product). The stoicheiometric equation 
for the formation of azo-compound is 
2ArN,* + 2CuCl = ArN:NAr + N, + 2Cut+ + 2Cl- 

so that at least four species (two diazo- and two cuprochloride ions) must be brought together, 
in a series of binary encounters, each leading to fairly stable complexes. The fact that 
d{azo]/d{chloro] is proportional to [CuCl,~] and independent of [ArN,*] at high ArN,+ con- 
centrations, but dependent on [ArN,*+] at very low diazo-concentrations, appears to leave no 
alternative to the following scheme : 


(A) (B) 
ArN,* + CuCl,~- ——> [ArN,CuCl,]) ——> ArCl + N, + CuCl 


(C) | ArN,* 
(D) 
((ArN,),CuCl,j*+ ——> ArCl + N, + CuCl + ArN,* 

Ht 

CuCl,- - él [ewan E)\CuCl,~ 

v4 X 
ArH ArAr ArN:NAr 
+ 2Cut+ + 4Cl- + 2Cut+ + 4Cl- + Cut+ + 4C1- +N, 
+ N, + ArN,* + 2N, 
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The detailed analysis of this mechanism can be made on the assumption that the concen- 
trations x and y of the two complexes [ArN,CuCl,] and [(ArN,),CuCl,]+ only reach small 
stationary values, i.e., dx/dt and dy/dt = 0, because the order of the reaction with respect to 
ArN,* does not tend towards zero when the initial CuCl concentration exceeds the initial ArN,+ 
concentration, and similarly that the order with respect to CuCl does not fall when ArN,* is 
initially in excess. If there were considerable “‘ storage ’’’ of the reactants in the form of the 
complexes, then the values of x and y (on which the rate depends) would become less and less 
dependent on the concentration of the reagent present in excess. 

The usual kinetic analysis then yields the results that 


—d[ArN,*]/dé = ka[ArN,*}[CuCl,-] [provided that the reverse reactions of processes (A) 
and (C) are slow] 


and = d[ArNNAr]/d[{ArCl] = kg{CuCl,-]/kp [provided also that kofArN,*] > ka(1 + Ae(CuCl,-}/kp)) 


This implies that stage (C) must be considerably faster than stage (B). ThiS will only be true 
as long as [ArN,*] is sufficiently high. At very low values of [ArN,*] (as in gradual addition 
experiments), d [ArN-NAr]/d[ArCl] should tend towards kgkg(CuCl,—][ArN,*] /kg(kp+Ag[CuCl,-)), 
t.e., the observed dependence of yield on diazonium concentration should appear. 

It is, incidentally, necessary to assume that the addition of the second diazonium ion on to 
the CuCl, ion is faster than that of the first; if this were not so, then [ArN,CuCl,] would 
accumulate at the higher diazonium concentrations. The formation of [ArN,CuCl,], though a 
reaction between oppositely charged species, is likely, as discussed on p. S 57, to involve simi- 
larly charged centres; the subsequent formation of [(ArN,),CuCl,]*+ involves the terminal 
(negatively charged) nitrogen atom of diazonium ion and a CuCl,- group where the negative 
charge has already been neutralised by co-ordination of an ArN,+. The second reaction is 
therefore likely to be faster, and the assumption seems reasonable. 

No attempt is made to define the precise course of the reaction between [(ArN,),CuCl,]}+ 
and CuCl,- to give the azo-compound : it may possibly involve the incipient formation of an 
Ar- ion, which immediately reacts with the other ArN,* ion attached to the copper. 

The evidence for this ‘‘ co-ordination ’’ mechanism can be summarised as follows. The 
effect of chloride-ion concentration on the rate, coupled with the solubility measurements, 
shows that CuCl,- is the catalyst. That the rate-controlling step is the mutual approach of 
the ArN,*+ and CuCl,- ions is shown by the form of the kinetics and by the helpful effect of 
electron-attracting groups in the diazonium ion. The resultant (ArN,CuCl,) complex then 
can suffer three principal fates: it can decompose directly to ArCl, or it can combine with 
another ArN,+ ion and then either decompose to ArCl or react with CuCl,~ to give an azo- 
compound. This accords with the observed variation of azo-yield with diazonium, cuprous 
chloride, and chloride-ion concentrations, and permits a reasonable interpretation of the 
formation of a copper azo-compound. 

Further, there is no conflict with Hodgson’s evidence about yields of aryl bromide and 
chloride in mixed chloride—bromide solutions. It merely seems likely that CuClBr-, CuBr,~ , 
and CuCl,- are the reactive species in such a system (CuClBr,”, CuCl,Br,”, and CuCl,Br™ would 
be fully co-ordinated and probably unreactive). The relative yields of chloride and bromide 
cannot be predicted, since nothing is known of the relative concentrations of the three active 
species, or of the relative reactivities of their halide ions. 

Discussion of Other Suggested Mechanisms.—Hodgson (loc. cit., 1941) suggests that the 
anionic cuprous complex attacks the nuclear carbon atom directly : 


“Be oe. 8 i 


On this view, there is no reason why increased chloride-ion concentration should decrease 
the rate : CuCl,” should be as good a catalyst as CuCl,-, if not better. Further, it necessitates 
a completely separate formulation of the reactions leading to azo-compound and other by- 
products. The co-ordination mechanism is therefore to be preferred. 

Nevertheless, it is true that diazotised p-nitroaniline is converted in good yield into p-chloro- 
nitrobenzene by cupric chloride, and also by other metallic chlorides. It is not at all unlikely 
that these reactions proceed by Hodgson’s mechanism; there is no indication of any negative 
catalysis by (Cl-), nor is there any side reaction leading to azo-compound which demands 
explanation. It is noteworthy that the reaction of cupric chloride with diazotised p-nitroaniline 
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only proceeds at a reasonable rate at elevated temperatures (60—70°), whereas the corre- 
sponding reaction with cuprous chloride proceeds with considerable rapidity at 0°. (It may 
be noted that few diazonium compounds can survive decomposition to phenol at the tem- 
perature necessary for the cupric chloride reaction.) A reasonable hypothesis is that all com- 
plex metallic chloride anions can replace —N,*+ by —Cl by a direct nucleophilic attack on carbon ; 
their reactivities, however, may vary. In the special case of cuprous chloride there is an 
alternative and much faster reaction in which the metal is first co-ordinated to the terminal 
nitrogen atom, resulting in a highly reactive complex. The metals in the other complex chloride 
ions either lack the requisite affinity for the diazo-nitrogen, or are unable to undergo the 
subsequent necessary rearrangement. It is possible to explain the specific ability of the 

+ Cl 

Ar-N=N —> Cu complex to bend and thereby react in terms of the ability of the cuprous 
cl 
atom to donate electrons and become oxidised. 

The Waters radical mechanism (which demands that the catalyst is a reducing agent and 
can therefore only apply to the cuprous chloride case) could lead to correct kinetics only if it 
is assumed that CuCl,- can liberate Ar radicals whereas CuCl,” cannot—a hypothesis which 
can only be sustained by assigning special properties to the (ArN,, CuCl,) complex. 

The main objections to a free-radical mechanism for the Sandmeyer reaction with cuprous 
chloride are: (a) the absence of extensive reactions between Ar radicals and water molecules 
to yield large percentages of phenol Ar-OH and/or hydrocarbon Ar-H; (b) the absence of un- 
symmetrical diaryls produced by the process Ar + AreCl—> Ar-C,H,Cl + H:; (c) the fact 
that an increase in diazonium concentration, which would increase the probability of inter- 
action between Ar and ArN,*, does not increase the yield of azo-compound over most of the 
[ArN,*] range. Again, the cyanide Sandmeyer reaction leads to identical yields whether 
diazonium chloride or sulphate is used; this necessitates the assumption that in a solution 
containing more Cl- than CN- the radical always reacts with CN-, although in other circum- 
stances a reaction with Cl- must be postulated. 

Waters, however (loc. cit., p. 266, and private communication), postulates that in general 
his whole cycle of single-electron transfers takes place within the immediate locus of the com- 
plex cuprous—diazonium salt, and that only a small fraction of the aryl radicals become “ free ”’ 
enough to take part in side reactions. This, unfortunately, reduces to an attempt to define in 
detail the electron transfers occurring in the transition state, a matter on which the experi- 
mental evidence at present available can give no help, beyond indicating the true molecular 
formula of the complex itself. 


The authors wish to thank Sir Cyril Hinshelwood, F.R.S., and Dr. W. A. Waters for valuable 
comments and suggestions. . 
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$11. Studies on the Structure of Emetine. Part I. The Hofmann 
Degradation. 


By A. R. Batrerssy and H. T. OreEnsHaw. 


Emetine contains one C-methyl group, and may be represented by peed eb structure (III). 
The methine base (IV), obtained from emetine the exhaustive m — procedure, is 
hydrogenated to N-methylemetinetetrahydromethine (V). This substance forms a mono- and a 
dt-methiodide, both of which readily one Oly on heating, with fission of trimethylamine 
hydriodide and formation of a tertiary base ( and its methiodide (IX, X = I) senate. 
This decomposition has structural implications nich support the assignment of the structure 
(IV) to the methine, and confirmation is obtained by oxidation of the base (XI) to 6-ethyl- 
veratric acid. The methiodide (IX, X =I) has been converted into a dihydro-derivative, 
which, as the corresponding chloride (XII), undergoes Emde’s degradation to a tertiary base 
(XIV). Further degradation of this base by Hofmann’s method leads to a nitrogen-free oil of 
the expected composition, together with a relatively larger amount of a base. 


INVESTIGATIONS of the ipecacuanha alkaloids by Pyman e¢ al. (J., 1914, 105, 1591; 1917, 111, 
419; 1918, 113, 222; 1927, 1067), Karrer (Ber., 1916, 49, 2057; 1917, 50, 582), Spath and Leithe 
(Ber., 1927, 60, 688), and others have established the interrelationships of the five alkaloids 
found in the root, and have determined the main features of their structures. The results have 











$60 Battersby and Openshaw: Studies on the Structure of Emetine. 


been reviewed by Henry (‘‘ The Plant Alkaloids,’’ 3rd Edition, London, 1939, p. 324) and by 
Staub (‘‘ Ein Jahrhundert chemischer Forschung iiber Ipecacuanha-Alkaloide,”’ Zurich, 1927). 
Emetine, the principal alkaloid, contains one secondary and one tertiary nitrogen atom [con- 
veniently designated N(a) and N(b) respectively], each contained in a 6: 7-dimethoxy-1: 2: 3: 4- 
tetrahydroisoquinoline nucleus; these nuclei are linked together by a carbon chain attached 
at their l-positions and at the tertiary nitrogen atom, N(b), which is common to two rings, 
Spath and Leithe (loc. cit.) expressed these findings by the partial structure (I). The more 
detailed structure (II) advanced by Brindley and Pyman (J., 1927, 1067) rests on admittedly 


speculative considerations. os - 
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There is no evidence that the carbon atoms 9 and 14 each carry two hydrogen atoms, as 
shown in the structure (I); moreover, we have found that emetine contains one C-methyl 
group (Kuhn-Roth). We therefore prefer to represent the known facts by the partial structure 
(III), in which the placing of two hydrogen atoms on C,, is to be regarded as only tentative, 
as it depends on the acceptance of Pyman’s interpretation of the formation of rubremetine 
(see Part II). In view of the importance of emetine in the treatment of amcebic dysentery, 
it is desirable that the structure of this alkaloid should be completely established. 

The Hofmann degradation of emetine was first studied by Hesse (Annalen, 1914, 405, 1), 
who obtained N-methylemetinemethine (IV) by the thermal decomposition of N-methy]l- 
emetine dimetho-hydroxide. The methine was more fully characterised by Pyman (jJ., 1917, 
111, 419; 1918, 118, 222). The second stage of the Hofmann degradation, carried out by 
Karrer (loc. cit.) resulted in the loss of one nitrogen atom [N(a)] as trimethylamine; the reten- 
tion of the second nitrogen atom [N(b)] shows that, in emetine itself, this atom is common to 
two rings. Neither the bismethine base nor any of its derivatives could be crystallised, and 
its further degradation was not studied. More recently, Ahl and Reichstein (Helv. Chim. Acta, 
1944, 27, 366) have carried out a complete series of Hofmann degradations on N(a) -acetyl- 
emetine; at the third stage, N(b) was split off as trimethylamine, confirmi ing its linkage i in two 
rings. Oxidation of the final product yielded 3: 4-dimethoxyphthaljinide, proving con- 
clusively that the secondary nitrogen atom N(a) of emetine is contained in a dimethoxytetra- 
hydroisoquinoline structure. By applying the same method, Brindley (Ph.D. Thesis, Univer- 
sity of Manchester, 1927) eliminated N(b) from N(a)-benzoylisoemetine, but the product was 
not further investigated. 

Emde’s method of degradation has been applied to emetine by Spath and Leithe (loc. cit.), 
the results being consistent with the structure (III). Reduction of N-methylemetine dimetho- 
chloride with sodium amalgam gave a tetrahydromethine, from which no crystalline deriv- 
atives were obtained. Reduction of the dimethochloride of this base caused fission of tri- 
methylamine (40% of the theoretical) and gave an amorphous base. In the third treatment, 
trimethylamine was again evolved, but the product was a mixture containing 75% of a basic 
substance and only 25% of the expected nitrogen-free product, which was not characterised. 

In planning the present series of investigations, we have had two principal aims in view; 
the degradation of emetine to a nitrogen-free product which, if structure (II) is correct, should 
be capable of synthesis, or of further degradation to recognisable products, and the deter- 
mination of the size of the second ring (D) of which N(b) is a member. For both these pur- 
poses, a further study of the Hofmann degradation has been made. In order to avoid the 
difficulties often encountered in the conduct of multi-stage degradations of this type (see, for 
example, Ahl and Reichstein, Joc. cit.), which are probably due to the accumulation of ethylenic 
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in the molecule, it was decided to hydrogenate the material at each stage (cf. Karrer 

et al., Helv. Chim. Acta, 1928, 11, 1062; 1930, 18, 1292). ; 
Catalytic hydrogenation of N-methylemetinemethine (IV) yielded N-methylemetinetetra- 
hydromethine (V), characterised as the crystalline perchlorate. Isolation of this substance in 
90% yield confirms the conclusion reached by Pyman (j., 1917, 111, 427) that the methine 
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(IV) consists mainly, if not entirely, of an individual substance. Ring fission at N(a) can. 
occur in two, and at N(b) in three possible ways, and the assignment of the structure (IV) 
to the methine involves the assumption that the ring fission has occurred between N and C, 
in each isoquinoline nucleus. This assumption is based mainly on the known ease with which 
2-phenylethylamine derivatives undergo such fission; for example, the substance (VI) elimin- 
ates styrene in preference to ethylene (Hanhart and Ingold, J., 1927, 997). Examples of the 
Hofmann degradation of tetrahydroisoquinolines to be found in the literature are concerned 
almost entirely with 1-benzyl derivatives, and in these cases ring-fission usually occurs at the 
alternative position N-C,, presumably because this leads to conjugation of the newly formed 
double bond with two benzene nuclei. However, the dibenztetrahydropyrrocoline (VII) 
suffers fission of the N-C, bond of the isoquinoline system (Robinson and Sugasawa, /., 1932, 
789), and carnegine metho-hydroxide decomposes to a mixture of the two possible degradation 
products, one of which is formed by fission between N and C,. A still closer analogy is pro- 
vided by /evocanadine metho-hydroxide (VIII), which has been shown (Pyman, /., 1913, 
108, 817) to decompose by two alternative routes, one of which (a) corresponds to fission of a 
N-C, bond. Moreover, the second mode (b) of ring-opening is reversible; a somewhat similar 
example of the reversibility of a Hofmann degradation has been encountered in the strychnidine 
series (Achmatowicz and Robinson, J., 1934, 581). Since we have found no evidence of 
reversibility in the degradation of emetine, it is unlikely that the N(b)-C,’ bond is the point 
of fission. Further evidence in support of the structure (IV) for N-methylemetinemethine is 
adduced below. Yn 
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Initial attempts to convert the tetrahydromethine (V) into its dimethiodide, by treatment 
with methy] iodide in hot alcoholic solution, led to an unexpected result. The product obtained 
was a mixture of trimethylamine hydriodide (together with a little tetramethylammonium 
iodide) and a monomethiodide, designated des-N (a)-emetinetetrahydromethine methiodide (IX, 
X = 1). When the methylation was conducted in ethereal solution at room temperature, the 
normal dimethiodide was obtained, together with a smaller amount of a monomethiodide, 
N-methylemetinetetrahydromethine N(a)-methiodide (X), isolated as its crystalline hydriodide, 
Separation of these products was facilitated by the discovery that the dimethiodide forms a 
crystalline complex with ethylene dichloride, very sparingly soluble in that solvent. Heating 
of a solution of the dimethiodide in water, or better in diethyl ketone, at 100° brought about 
decomposition to trimethylamine hydriodide and (IX, X =I). The monomethiodide (X) 
decomposed in a similar fashion to give a base, des-N(a)-emetinetetrahydromethine (XI), which 
was also obtained by thermal decomposition of its methochloride (IX, X = Cl), and was 
characterised as the crystalline perchlorate and hydriodide. The base was reconverted into 
(IX, X = I) by methyl iodide. The presence of an ethylenic linkage in (IX) was shown by 
the absorption spectrum of the iodide (see Table), and by hydrogenation of the chloride to 
des-N(a)-emetinehexahydromethine methochloride (XII), which gave a crystalline iodide and 
platinichloride. The position assigned to this double bond was confirmed by the oxidation of 
the base (XI) with barium permanganate; 6-ethylveratric acid was obtained, together with 
an amino-acid which has not yet been fully characterised. 

The unusual and remarkably easy decomposition of the tetrahydromethine methiodides 
must be of structural significance. Two examples of somewhat similar reactions have been 
described in the literature. The alkaloid gramine (3-diethylaminomethylindole) yields tri- 
methylamine and tetramethylammonium iodide when treated with methyl iodide in methyl 
alcohol (Madinaveitia, J., 1937, 1927), and pavinemethine methiodide (XIII, R = NMe,]I) is 
decomposed by being heated with water or methyl alcohol to give trimethylamine hydriodide 
and the hydroxy- or methoxy-compound (XIII, R = OH or OMe) respectively (Pyman, /,., 
1915, 107, 176). Accordingly, we have ascribed the occurrence of this reaction to the presence 
of an activated benzylamine structure in (V), and this theory has been confirmed by a study 
of model substances (Norcross and Openshaw, forthcoming publication), hence providing further 
evidence for the position of ring-fission in the Hofmann degradation of emetine. 

Since an odour of volatile amine was always observed during the handling of the tetra- 
hydromethine (V), attempts were made to bring about its decomposition to (XI) and dimethyl- 
amine under a variety of conditions. In no case was any appreciable amount of dimethyl- 
amine liberated, and the material was usually recovered unchanged, except that partial de- 
methylation of the methoxyl groups occurred when strongly acid conditions were employed. 
The tertiary base (XI) contains a single nitrogenous ring (ring D) and is of interest as a possible 
starting point for the determination of the size of this ring. 
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When treated with sodium amalgam and water, des-N(a)-emetinehexahydromethine metho- 
chloride (XII) underwent the Emde degradation. The resulting saturated, tertiary base, 
probably (XIV), has not so far yielded crystalline salts. A preliminary experiment on the Hof- 
mann degradation of its amorphous methiodide gave a mixture containing a neutral substance 
of the expected composition, C,;H,,(OMe),, and a base. This result is similar to that obtained 
by Spath and Leithe (loc. cit.) and indicates that either the Emde degradation or the final 
Hofmann degradation did not proceed wholly in the desired direction. These reactions are 
being further investigated. 

The ultra-violet absorption spectra of some emetine derivatives have been measured by 
Dr. A. E. Gillam, to whom we express our sincere thanks. In addition to rising absorption 
below 2250 a., each compound showed a well-defined maximum, as recorded in the Table. 
These measurements afford a clear differentiation between the saturated and the unsaturated 
compounds, the absorption of the latter closely resembling that of the similarly constituted 
stereoisomeric O-methylisoeugenols. 
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Uliva-violet Absorption of Emetine Derivatives and Related 
Compounds in Alcoholic Solution. 


Compound. pee €. 

N-Methylemetine dimethiodide (B-form)  ............sssceseeecesseseeeee 2840 6,350 
Des-N  aaegeceeeapennctmonsedeaess methiodide SE Sec ecobsacsitas 2860 6,800 
BE MICE ct caphesecaskcbscticanstackoubdesesits venbeasedigacisierpscenneseesace 2855 6,270 
Des-N(a)-emetinetetrahydromethine methiodide (IX).................. 2660 15,900 

3030 * 7,240 
IRIE © scesenccciceroceceracahebocasd sant boebinscasinaceestes 2600 13,400 
SIGE Fe psccnesceccccsesysscnscpsdevicansecesegsnbesienees 2630 14,500 


* Inflexion. 
+t These oat S were prepared by Mr. F. Long, M.Sc., by the method of Boedecker and Volk 
(Ber., 1931, 


Added in proof. The work described in this pa per was begun in 1945 and completed in 1947. Since 
it was submitted for  awcaper the papers of Spath and Pailer (Monatsh., 1948, 38, 348; 79, 127) have 
become available. These authors describe the degradation of emetine b essentially the same method, 
and they have carried the degradation further to obtain recognisable products. Of the various crystalline 
intermediates isolated by us, they obtained only the methiodide (IX) in a pure condition; their 
description of this substance agrees with ours. We defer detailed comment on the results of Spath and 
Pailer to a future communication. 


EXPERIMENTAL. 


C-Methyl Determination.—An ethereal solution of emetine, liberated from the commercial hydro- 
chloride (1 g.), was shaken thrice with 10 c.c.-portions of 10% aqueous sodium hydroxide to remove 
traces of phenolic bases, dried (K,CO,), and evaporated at room temperature under reduced pressure. 
The residual a. glass was powdered, dried in a vacuum at 50°, and submitted to the Kuhn- 
Roth procedure (Found:* 0-94 mol. acetic acid). 

N-Methylemetinetetrahydromethine (V).—Emetine hydrochloride was converted into a mixture of 
a- and B-N-methylemetine dimethiodides in 98% yield 1 a slight modification of the method of 
. 1918, 118, 222). Separation of the stereoisomers was unnecessary, since both forms give rise to 

e same methine. The anhydrous methiodide (22-52 g.) was converted into the methine base (14-07 g. ; 
93%) as described by Pyman (jJ., 1917, 111, 445), except that the heating of the quaternary hydroxide 
was continued for 2} hours. ¢ base was dissolved in pure alcohol (100 c.c.) and hydrogenated (PtO,) 
at room temperature and pressure; 1-93 mols. of hydrogen were absorbed in 4 hours. The filtered 
solution was treated with a — t excess of dilute hydrochloric acid, the alcohol removed by distillation 
under reduced pressure, and the residual aqueous solution treated with excess of 20% perchloric acid. 
N- Mathylometinetetrahydromethine perchlorate separated as a gum which crystallised on standing or 
seeding. 7% recrystallisation from water it formed colourless needles, which were dried at 110° 
(16-25 g.); m. p. 183—184°. An additional ——v (1-28 g.) was obtained from the mother liquor 
by treatment with perchloric acid and recrystallisation; total yield, 90%. One further crystallisation 
raised the m. p. to 185—186°; [a]? + 6-0° + 7 AS 5 in acetone) ( found, in air-dried substance: 
loss at 118°/1 mm., 2-50. CygH 4g0,N;, cw requires H,O, 2-42%. Found*, in anhydrous 
substance: C, 527; H, 7-4; N. 40. C,H ONS HCIO, requires C, 62-8; H, 7-2; N, 3.9%). The 
salt is readily soluble in cold acetone or thei. and in hot alcohol. Treatment with aqueous 
alkali liberates the base as a colourless, very viscous oil, which distils at 180—200° (bath)/5 x 10-* mm 

Attempted Decomposition of N-Meth lometinstetrahydromethine .—The base was heated at 150°, oleae 
or in admixture with a 5% solution of potacsh ium hydroxide in ethylene glycol, while a stream ‘of dry 
nitrogen was —— it, and through dilute hydrochloric acid. In neither case was any di- 
methylamine found in the hydrochloric acid solution. After 4 hours’ heating with 10% hydrochloric 
acid or 20% sulphuric acid, the base was shown, by reconversion into the nage cme to be largely 
unchanged, and no trace of the perchlorate of base (XI) (see later) could obtained by fractional 
crystallisation. From a solution of the hydriodide of the base, which had been heated at 100° for 
7 hours, the perchlorate was precipitated in an almost aed baie condition (m. p. 179—181°). When the 
base (0-68 g.) was heated under reflux with concentra hloric acid (20 c.c.) for 5 hours, some 
demethylation (phenolic fraction, 0-14 g.) and prove sch ag occurred. The perchlorate, recovered 
from the non-phenolic material, consisted largely of a water-insoluble gum which could not be crystal- 
lised but did not appear to contain any of the perchlorate of the desired product (XI). 

N-Methylemetinetetrahydromethine Dimethiodtde.—Anhydrous tetrahydromethine perchlorate (1-5 g.) 
was suspended in water (15 c.c.) and treated with a slight excess of aqueous sodium hydroxide. e 
liberated base was isolated by extracting the mixture thrice with ether, drying the extract (K,CO,), 
and evaporating the ether under reduced pressure. The residue was dissolved in anhydrous ether 
(10 c.c.), and methyl iodide (1 c.c.) added. After 48 hours at room temperature, the colourless pre- 
cipitate was collected, washed with ether, and dried in a vacuum (1-62 g.; 97%); microscopic n es, 
m. p. 125°. On addition to warm ethylene dichloride (10 c.c.) the methiodide dissolved, and rapidly 
c i again as small, irregular rhombs (1-61 g.), m. P. 130°, containing solvent of oe pan 
Recrystallisation from acetone gave clusters of colourless leaflets, which slowly redissolv ith simul- 
taneous ae peed of compact rhombs, m. P. 135-5—136°. Owing to decomposition, the melting poi 
is greatl “goer on the rate of heating; the melt quickly resolidifies and then melts at about 210— 
220°. After bri drying over calcium loride in a vacuum, the composition roximates to that 
of a dihydrate thee « , 48-8; H, 7-0; I, 29-7; loss at 60°/1 mm., 3-8. C,,H,, °, — requires 
C, 48-2; H, 7-1; 1, 30-0; 'H,O, 4.2%. Found, in anhydrous material: C, 50-4; H, 6-9. C,H,,0,N,l, 
requires C, 50- 4; 0%). 
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In another iment, the base from 7-5 g. of perchlorate was treated as above. Crystallisation 
of the crude product from acetone gave a li tetramethylammonium iodide (88 mg.); on dilution 
of the mother liquor with ether, the dimethiodide (“‘ sample A ’’, 3-28 g.) crystallised; m. p. 1389—140° 
(sintered at 137°; melt resolidified). Concentration of the mother liquor at room temperature gave a 
crop of crystals (1-53 g.), m. p. 190—196° (decomp.). Washing with warm water raised the m. p. to 
221—-224° (1-27 g.), and crystallisation from alcohol gave colourless needles (1-06 g.), m. p. 232—232-5°, 
identified as (IX, X = I) (see below). The acetone mother liquor was diluted with ethylene dichloride, 
and on seeding yielded impure dimethiodide (0-926 £: m. p. 128—130° (decomp.). Evaporation o 
the mother liquor left an amorphous residue (“ gum B ’’, 1-74 g.), which after a lengthy crystallisation 
process gave a very small amount of the methiodide (IX). 

N-Methylemetinetetrahydromethine Monomethiodide Hydriodide (X).—The tetrahydromethine base 
(4-837 g.) was dissolved in yj em alkali-free ether (150 c.c.), and methyl iodide (1-4 c.c.; approx. 
2-5 mols.) was added. After 40 hours at room temperature, the solid precipitate (1-55 g.) was collected 
and washed with ether. Treatment of the filtrate with further portions (1-5, 2-5, and 2-5 c.c.) of methyl 
iodide, and collection of the product before each fresh addition, at intervals of 2, 3, and 2 days, gave 
3 further crops (1-54, 2-41, and 0-93 5. respectively). The first 2 crops were combined (3-09 g.) and 
crystallised from ethylene dichloride (25 c.c.) to yield the solvated dimethiodide toad 6 m. p. 131— 
132° (sintered at 129°). The mother liquor was —— to dryness under redu pressure, and 
the residual gum was crystallised from acetone to which a drop of concentrated hydriodic acid was 
added. The crystals (0-643 g.) were washed with acetone and dried in a vacuum; m. p. 143—144° 
(cloudy melt). Most of this material was subsequently lost in attempted purification, since it was 
not recognised at that time that the substance was a hydriodide. The third and fourth crops of crude 
methiodide gave, on treatment with ethylene dichloride, solvated dimethiodide (2-083 g.), m. p. 128— 
129° (decomp. and previous sintering). The mother liquors, treated as before, gave a crystalline solid 
(0-305 g.), m. p. 154—156° (cloudy melt). This material, together with a little of the earlier crop 
(0-34 g.), was suspended in water and made alkaline to phenolphthalein with sodium hydroxide; a 
clear solution was obtained. Extraction 4 times with ether removed only a trace (2 mg.) of non- 
quaternary material. After aspiration with air to remove ether and a trace of trimethylamine, the 
solution was extracted 4 times with chloroform. The extract was washed once with water, dried, 
and evaporated in a vacuum below room temperature. The residual yellow gum (0-336 g.) was dis- 
solved in alcohol (5 c.c.); on addition of two drops of concentrated hydriodic acid crystallisation 
occurred. After being collected, washed with alcohol, and dried at room temperature, the product 
(0-262 g.) had m. p. 159—160° (cloudy melt), with previous sintering. A second crop (13 mg.; m. p. 
160—162° with previous sintering) was obtained concentrating the mother liquor in a vacuum 
desiccator. The first crop was recrystallised by dissolving it as rapidly as possible in warm alcohol, 
cooling immediately to room temperature and finally to 0°. The crystals (200 mg.) had m. p. 163— 
165° (cloudy melt). Half of this crop was dissolved in cold alcohol, shaken with charcoal, and filtered 
(“‘ Filtercel ”’), and the filtrate was concentrated in a desiccator. The hydriodide (63 mg.) formed short, 
blunt-ended, colourless prisms, m. p. 162—164° (cloudy melt). For analysis, the substance was crystal- 
lised again in a similar fashion, and dried for 2 hours over phosphoric oxide in a vacuum at room tem- 

ture (23 mg., m. p. 163—164°, cloudy melt) (Found:* C, 49-8; H, 6-9; N, 3-2; I, 31:3. 
C,.H,,O,N,l,HI requires C, 49-7; H, 6-8; N, 3-5; I, 31-8%). 

Des-N(a) tinetetrahydr thine Methiodide (IX, X = I1).—(a) From N-methylemetinetetrahydro- 
methine. Anhydrous tetrahydromethine perchlorate (12 g.) was suspended in water (100 c.c.), aqueous 
sodium hydroxide (34 c.c. of N) was added, and the liberated base was recovered by extracting thrice 
with ether. The extract, after drying (K,CO,), was evaporated under reduced pressure at room tem- 
perature, and the residual clear, pale yellow oil (8-7 g.; 100%) was dissolved in anhydrous methyl 
alcohol (15 c.c.). Methyl iodide (5 c.c.) was added, and the mixture was heated under reflux; it quickly 
became golden yellow, and after 30 minutes separation of microscopic colourless crystals —— After 
2 hours’ boiling, the hot solution was filtered. The residue (0-34 g.) was washed with methyl alcohol, 
and crystallised from a small volume of water. It formed colourless octahedra, unmelted at 350°, 
and was identified as tetramethylammonium iodide (Found: N, 7-1. Calc. for C,H,,NI: N, 7-0%). 

The methanolic filtrate was treated with a further quantity of methyl iodide (2 c.c.) and refluxed 
for 3 hours. Methyl alcohol and excess of methyl iodide were removed on the steam-bath, and the 
syrupy residue was heated at 100° for an hour; it had then become partially crystalline. It was treated 
with boiling ethyl alcohol (30 c.c.) under reflux for 30 minutes, some of the crystalline material remain- 
ing undissolved. After cooling, the product (8-12 g.) was collected, washed with a little alcohol, and 
dried at 100°. The mother liquor (4) was treated as described below. 

The pale yellow, crystalline material melted at 215—217° to a cloudy liquid. After being digested 
with warm water (two portions of 25 c.c.) and dried, it weighed 5-63 g. and had m. p. 226—227°. The 
aqueous washings were evaporated to dryness under reduced pressure, and the residue was c i 
from alcohol, giving colourless Plates (1-9 g.), m. p. 264° (corr., decomp.), identified as trimethylamine 
hydriodide (recorded m. p. 263° corr.) (Found:* N, 7-8. Calc. for C,H,,NI: N, 7-5%). 

Recrystallisation of the water-insoluble material gave des-N (a)-emetinetetrahydromethine methiodide 
as colourless, long thin prisms (4-83 g.; 47%), m. p. 230°. Repeated recrystallisation from alcohol 
or acetone raised the m. p. to 233° (Found: C, 60-1; H, 7-7; N, 2-4; I, 20-6. Calc. for C,,H,,O,NI: 
C, 59:7; H, 7-4; N, 2-3; I, 20-4%). [a]? + 2° + 0-3° (c, 3-1 in chloroform). 

The alcoholic mother liquor A was refluxed for several hours, and concentrated to about 15 c.c. 
Only a very little material crystallised from the orange, viscous solution on cooling; this was redis- 
solved by warming, and a solution of methanolic sodium methoxide (4-1 c.c. of 2N) added. On warm- 
ing, trimethylamine was evolved (picrate, m. p. 217—218°, undepressed in admixture with an authentic 
specimen). The liquor was concentrated to 10 c.c. under reduced pressure and diluted with water; 
a viscous oil was precipitated. On shaking with ether, 3 layers were formed. These were separated, 
and both the bottom layer (B) and the aqueous layer were washed with ether. The ethereal extracts 
were washed with water, dried, and evaporated, yielding a pale yellow viscous oil (0-95 g.), which was 
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subsequently shown to consist mainly of the tertiary base (XI), since it gave a perchlorate (0-76 g.), 
m. p. 132—134°, undepressed by admixture with a —— of the material described below. The 
ether-insoluble syrup B (4 g.) on treatment with alcohol gave a crop of crystals (2-6 g.), m. p. 205°, 
which oe to be a complex mixture and yielded _ ittle pure material. 

(>) 6 sition of the dimethiodide in water. {ethylemetinetetrahydromethine dimethiodide 
(lg i from ethylene dichloride) was dissolved in hot water (10 c.c.), and the solution, which 
ob turbid after 30 minutes, was heated at 95° for 4 hours. After cooling, the yellow solid which 
had separated was collected, washed with water, and dried (0-68 g. ; 92%): m. p. 222—223°. Recrys- 
tallisation from alcohol gave pale yellow needles (0-48 g.), m. p. 227°; recrystallised again from acetone, 
the product was colourless (0-42 £3 57%), and had m. p. 232°, undepressed i in admixture with material 
obtained as described above. aqueous mother-liquor on evaporation and crystallisation of the 
residue from alcohol yielded trimethylamine hydriodide (0-12 g.). 

(c) By caarey ye of the dimethiodide in diethyl ketone. The dimethiodide (2-04 g.), crystallised 
from acetone to free it from ethylene dichloride, was dissolved in diethyl ketone (50 c.c.) and the solution 
heated at 100—110° for 3 hours. After standing overnight, the crystalline material was collected and 
washed once with diethyl ketone, twice with acetone, and thrice with water; the product (1-29 g.; 

82%) had m. p. 229—229-5°, raised by one crystallisation from acetone to 233°. Evaporation of the 
ethyl ketone mother liquor gave only a brown gum (0-243 g.). 

Des-N(a)-emetinetetrahydromethine Methochloride (IX, X = Cl).—A solution of the methiodide (4-64 g.) 
in warm 50% aqueous alcohol (150 c.c.) was stirred with freshly precipitated silver chloride (from 
4-25 g. of silver nitrate) for 15 minutes. The filtered solution was evaporated to dryness, and the 
residue dissolved in hot acetone, treated with charcoal, filtered, and concentrated to 15 c.c. Ether 
was added to incipient turbidity; after cooling to 0°, the methochloride (3-58 g.; 90%), which formed 
almost rectangular, colourless plates, m. p. 147-5—148° (to a erento was collected and dried at 100° 
in a vacuum (Found: C, 65-8; H, 89; N, 2-6. C,,H,,O,N uires C, 65-6; H, 89; N, 
25%). On drying at 118° in a vacuum, the substance slowly lost welt (Found: 4-9. 2H,O requires 
6-3%) and turned brown; analysis indicated that it still contained water (Found: C, 68-9; H, 9-1; 
N, 2-4. Calc. for C,,H,O,NCl: C, 69-9; H, 86; N, 26%). The substance rapidly decolorised a 
dilute aqueous solution of permanganate. 

Des-N(a) tinetetrahydr (XI).—The above methochloride (0-5 g.) was heated in a small 
retort at 180—185°/2 mm. The molten chloride effervesced steadily for 30 minutes. After a further 
30 minutes, the pressure was reduced to ca. 10° mm.; all the material then distilled. The distillate, 
a colourless amorphous glass, m. p. 38—43°, was almost entirely soluble in ether. The ethereal solution 
was shaken with very dilute aqueous sodium hydroxide, which removed the insoluble material. After 
being dried (K,CO,), the ethereal solution was eva: ted, and the residual pale yellow gum (0-330 g.) 
was distilled at 10° mm. (bath temp. 180—185°) (Found: C, 74-8; H, 8-9; N, 2-9. C,,H,,O,N requires 
C, 74:2; H, 88; N, 29%). 





When the base was treated with dilute hydrochloric acid it formed a gummy hydrochloride, spar- 
ingly soluble in hydrochloric acid but readily soluble in water. Addition of perchloric acid to the 
aqueous solution precipitated the —— which was redissolved by warming and addition of acetone, 


and then crystallised on cooling (0-165 g.); m. p. 120—123°. After two recrystallisations from aqueous 
acetone (charcoal) it Anne ue minute hexag prisms, m. p. 130—132°, which were dried to constant 
weight at 78° over horic oxide in a vacuum (Found: C, 60-1; H, 7-8; N, 2-3; loss at 116° ina 
vacuum, 3-0. Cleo ,HC1O,,H,O requires C, 60-3; H, 7- 6; N, 2-2; H,O, 30%). The anhydrous 
salt was a colour! 
The base (80 mg.) was allowed to react in ethereal solution with an excess of methyl iodide for 4 days. 
-_ crystalline precipitate (76 mg.; 73-5%), m. 4. 226—228°, on recrystallisation from acetone had 
m. p. 232—233°, undepressed in admixture with the methiodide (IX). 
Decomposition of N-Methylemetinetetrahydromethine Methiodide Hydriodide—A solution of the salt 
ow rhe ) in diethyl ketone (4 c.c.) was heated in a bath at 100—110° for 3 hours, a slow stream of nitrogen 
passed through the solution and then through a trap containing dilute hydrochloric acid. The 
pone of the trap were Hse agen ee to dryness, and the small crystalline residue was identified as 
trimethylamine hydrochloride by conversion into the picrate (9 mg., m. p. and mixed m. p. 216—218°). 
The diethyl ketone solution was eva ted under reduced pressure, and the residue was dissolved in 
acetone (4 c.c.) and water (2.c.c.). By eva — under reduced pressure the acetone was removed, 
— the product as a gum from which the water was decanted. The gum was dissolved in a little 
alcohol and The solution poured into aqueous sodium hydroxide. The liberated base was isolated by 
thorough extraction with ether; on evaporation, the base (54 mg.; 100%) remained as a clear 
yellow oil, which was characterised by conversion into the perchlorate (54 mg.), m. p. and mixed 
m. p. 128—130°, of the base (XI), and into the methiodide (IX, KX =I), m. p. and mixed 
m. p. 230—231° 
Des-N(a)-e etinetet ahydromethi Hydriodide—Impure N-methylemetinetetrahydromethine di- 
methiodide (‘‘ sample A a 3 15 g.), which had been isolated without the use of ethylene dichloride 
and probably contained monomethiodide hydriodide (X), was decomposed by heat in diethyl ketone 
as described above. The crude, dry product (2-13 g.), m. p. 211—216° pA Ma my on crystallisation 
from alcohol and then from acetone gave colourless needles (0-68 g.) of the methi ide (IX), m. p. _— 
232°. The mother liquors from this material were combined wi gum B” (see above), and b 
series of crystallisations gave a further quantity of less pure methicdide (0-6 g.), m. p. 227—2 8°, 
together with a fraction (0-358 g.), m. p. 129—133°, which was more soluble in acetone. Repea 
recrystallisation of the latter from ~ytr acetone and aqueous alcohol gave the hydriodide of base 
(XI) as colourless, hexagonal —— . 132—134°, showing a slight but definite depression of m. p. 
in admixture with the dimethiodide or Pp. 136°). The material was dried in a vacuum over phos- 
fh, oxide at room temperature (Found: loss at 100° in a vacuum, 2-6. i ie: ,HI,H,O requires 
“+ 2-9%. Found in anhydrous substance: C, 59-3; H, 7:3; N, 2-5. 430,N,HI requires C, 
1; H, 7-3; N, 2-3%). base was recovered from this salt and converted into the perchlorate 
E 
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which after a single crystallisation from aqueous acetone had m. p. 129-5—-132°, undepressed by admix- 
ture with the perchlorate of des-N: ee Same ee SEE ES (XI). ‘ 

Oxidation of Des-N(a)-emetinetetrahydromethine (XI).—The base (0-89 g.), regenerated from the pure 
perchlorate, was dissolved in acetone (30 c.c.), and water (30 c.c.) was added. The mixture was cooled 
at 0° and stirred whilst aqueous barium permanganate (122-5 c.c. containing 4 atomic proportions of 
oxygen) was gradually added, the rate of addition being controlled so that no appreciable concen- 
tration of unreacted permanganate was present at any time. After the addition of the first quarter 
of the solution (15 minutes) a further quantity of acetone (20 c.c.) was added to maintain homogeneity. 
The total time of addition was 7 hours. After a further hour’s stirring, = thw sey time there remained 
no unchanged apse, meta the mixture was made alkaline to phenolphthalein by addition of barium 
hydroxide. e manganese dioxide was ——- by heat and removed by filtration (‘‘ Filtercel ’’), 
The filter-cake was thoroughly extracted with iling water (total, 350 c.c.) and boiling alcohol (400 c.c.), 
The alcoholic extract on evaporation left only a small residue, which was added to the combined aqueous 
solutions. After concentration to 150 c.c., a small quantity of insoluble material was removed 
extracting 5 times with ether (total, 500 c.c.); evaporation of the ether left a brown gum (0-247 g.; 
“* neutral and basic fraction ’’). 

The aqueous solution was rendered acid to Congo-red with hydrochloric acid and extracted 6 times 
with ether. Evaporation of the extract, finally under reduced pressure, left a residue which largely 
crystallised on cooling. On crystallisation from hot water, colourless needles (124 mg.) were obtained, 
m. p. 142° after slight previous sintering. Small additional amounts were obtained from the mother 
liquors by evaporation and sublimation of the residue in a vacuum, and from the “ neutral and basic 
fraction ’ where the acid was probably formed by atmospheric oxidation of the related aldehyde. The 
total yield was 172 mg. (44%). After further purification by sublimation at 0-05 mm. from a bath at 
80—90°, the m. p. was 140-5—141-5°, undepressed in admixture with synthetic 6-ethylveratric acid 
of the same m. p. Before analysis, the acid was again crystallised from water and resublimed (Found :* 
C, 63-1; H, 6-65. Calc. for C,,H,,0,: C, 62-8; H, 6-7%). 

After removal of inorganic material and evaporation, the original aqueous mnt eae a gum (0°5 g.) 
which had the properties of an amino-acid, and which is being further investigated. 

6-Ethylveratric Acid —{With Miss M. L. Donatpson.) The following is a considerable improve- 
ment on the method described by Shinoda and Sato (J. Pharm. Soc. Japan, 1927, 548, 860). 4-Ethyl- 
veratrole (5 g.) and pure, anhydrous benzene (20 c.c.) were stirred at room temperature with powdered 
aluminium chloride (3-5 g.), and a solution of acetyl chloride (3 g.) in benzene (5 c.c.) was added during 
an hour. After a further hour’s heating under reflux, the aluminium chloride complex was decom- 
posed in the usual manner. The benzene solution of the product was extracted twice with dilute 
sodium hydroxide solution, and the apg material thus removed was remethylated by shaking 
the alkaline extract with methyl sulphate (2 portions of 2 c.c.), and extracting with benzene the oil 
thus produced. The combined benzene extracts were dried and distilled, giving 5-acetyl-4-ethyl- 
veratrole (4-88 g.; 78%), b. p. 133—138°/1 mm., as a colourless oil which rapidly solidified. A sample, 
recrystallised from aqueous alcohol, formed rosettes of colourless needles, m. p. 62—63° (Shinoda and 
Sato, loc. cit., give m. p. 63°). 

The alkaline sodium h hlorite solution obtained from aqueous sodium hydroxide (4-4 g. in 30 c.c.) 
and chlorine (3-2 g.) was heated to 55° and stirred, and the ketone (2-08 g.) was added. ter reaction 

, the temperature was kept at 60—70° by occasional warming for 30 minutes, and the mixture 
was stirred for a further 30 minutes without application of heat. Excess of-hypochlorite was destroyed 
by adding sufficient sodium hydrogen sulphite, and the cooled solution was acidified with concentrated 
hydrochloric acid. The precipitated 6-ethylveratric acid (1-9 g.; 90%), m. p. 141—141-5° after slight 
previous sintering, was collected. After sublimation under reduced pressure it had m. p. 141-5° (Shinoda 
and Sato give m. p. 142°). 

Des-N(a) tinehexahydr thine Methiodide (as XII).—Des-N(a)-emetinetetrahydromethine meth- 
iodide (IX, X = I) was unaffected by being shaken with hydrogen and platinic oxide, and was 
recovered unchanged when an aqueous-alcoholic solution was heated with excess of sodium amalgam 
for 40 hours. 

A solution of the methochloride (IX, X = Cl) dihydrate (0-36 g.) in water (50 c.c.) was shaken 
with hydrogen and platinic oxide; absorption of hydrogen (97% of theoretical) ceased after 11 hours. 
The filtered solution was evaporated to dryness, but the residual gum did not crystallise. Its aqueous 
solution gave a pink precipitate (quaternary permanganate) when treated with potassium perman- 
ganate, which was stable for several minutes. No — of base formed when the aqueous solution 
was treated with aqueous sodium hydroxide, confirming the quaternary nature of the product. The 
methiodide was precipitated by addition of sodium iodide to the aqueous solution of the chloride. It 
aguas from aqueous alcohol as a hydrate, m. p. 128—129°. Recrystallisation from acetone-ether, 
ollowed by drying at 110°, gave a monohydrate, m. p. 170—171° (Found: C, 58-0; H, 7-7; loss at 
118° in a vacuum over phosphoric oxide, 2-6. C.H,,0,N1,H,O ows C, 57:8; H, 7-8; H,O, 28%. 
Found, in anhydrous substance: C, 59-1; H, 7-6; N, 2-1. (C,,H,,O,NI requires C, 59-4; H, 7:7; 





N, 2:2%). The platinichloride formed rae leaflets from aqueous alcohol, m. p. 180—182° [Found: 


Pt, 13-6, 13-7. (C,,H,,0,N),PtCl, requires 13-9%). 

Des-N(a) tineoctahydrobismethine (XIV).—An aqueous solution (40 c.c.) containing des-N(a)- 
emetinehexahydromethine methochloride (2 g.) was treated with sodium amalgam (10 g. of 5%), and 
warmed under reflux for 10 minutes. An oil separated rapidly. After 48 hours, the oil was extracted 
with ether, and the aqueous layer was treated with a fresh portion (10 g.) of sodium amalgam; a further 
separation of oil then occurred. After several hours’ warming, the oil was taken up in ether, and the 
combined ethereal extracts were shaken with 3 successive portions of n-hydrochloric acid (total, 7 c.c. ; 
2 equivs.) and once with water; the ethereal layer left no — residue on evaporation. The 
acidic aqueous extract was made alkaline with aqueous sodium hydroxide and the liberated base isolated 
by means of ether as a pale yellow oil (1:25 g.). Des-N(a)-emetineoctahydrobismethine distilled under 
4 x 10“ mm. from a bath at 180° as a colourless, viscous oil, (a]#” + 1-2° + 0-2° (c, 5-8 in acetone) 
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(Found: C, 74:3; H, 9-7; N, 3-3. C,,HO,N requires C, 74-5; H, 9-9; N, 28%). The base did 
not decolorise permanganate in acetone solution. The ultra-violet absorption (see Table) indicates 
the absence of a double bond conjugated with an aromatic nucleus. 

Hofmann Degradation of the Base (XIV).—The above base (0-3 g.) was dissolved in anhydrous ether 
(10 c.c.) and treated with a small excess of methyl iodide. After 24 hours at room temperature, an 
amorphous precipitate formed and adhered to the sides of the flask. The liquor was decanted and 
the precipitate washed with ether. The product did not crystallise from acetone or from alcohol— 
ether. Its alcoholic solution was added to aqueous sodium hydroxide, and the mixture shaken with 
ether. The ethereal layer was discarded, and the oily methiodide was taken up in chloroform. Evapor- 
ation left the methiodide as a gum (0-39 g.) which failed to crystallise. 

The methiodide (0-3 g.) was dissolved in aqueous alcohol and treated with silver oxide. A slight 
smell of trimethylamine was observed. The residue left by evaporation of the filtered solution was 
heated at 100° for 14 hours under 15 mm., and extracted with boiling ether. Evaporation of the ether 
left a rather mobile oil (0-23 g.), which was redissolved in ether and shaken with dilute hydrochloric 
acid. The ethereal layer on evaporation gave a neutral, pale yellow oil (0-08 g.), which was distilled 
in a high vacuum from a bath at 165° and was then colourless (Found: C, 76-7; H, 9:3; N, <0-2; 
OMe, 26-8; 27-4. C,.H,,O, ——- C, 76-6; H, 9-3; OMe, 27-3%). Attempts to prepare a picrate 
and a 1: 3: 5-trinitrobenzene adduct of this substance were unsuccessful. 

The basic material was precipitated from the hydrochloric acid extract and isolated by means of 
ether. The substance (0-13 g.) distilled as an oil in a high vacuum from a bath at 175—180° (Found: 
C, 75-2, 75-2; H, 9-7, 10-0; N, 2°8%). , 


Microanalyses marked * were carried out by Drs. Weiler and Strauss, Oxford, and the remainder by 
Mr. D. J. Lloyd and Miss A. Doherty, to all of whom we are grateful. 
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$12. Studies on the Structure of Emetine. Part II. Oxidation with 
Mercuric Acetate, and the Properties of Rubremetinium Salts. 


By A. R. Batrgersspy and H. T. OPENSHAW. 


Oxidation of emetine hydrochloride with excess of aqueous mercuric acetate produces 
rubremetinium chloride in 45% yield. In addition, a small amount of a new, doubly 
unsaturated base, C,,H,,O,N,, has been isolated as the hydrogen oxalate. The yield of this base 
is increased by employing a limited amount of the oxidising agent, and it is shown to be an 
intermediate in the conversion of emetine into rubremetinium chloride. The quaternary 
nature of the latter has been confirmed, and its reduction to an unstable dihydro-compound has 
been observed 


OXIDATION of emetine (I) with potassium permanganate leads to extensive breakdown of the 
molecule, the products isolated being 6 : 7-dimethoxyisoquinoline-1-carboxylic acid, corydaldine, 
and metahemipinic acid (Carr and Pyman, J., 1914, 105, 1591; Windaus and Hermanns, Ber., 
1914, 47, 1470; Spath and Leithe, ibid., 1927, 60, 688); with chromic acid, 4 : 5-dimethoxy- 
ph ide is obtained (Windaus and Hermanns, Joc. cit.). These and related observations 
establish the presence of two l-substituted 6 : 7-dimethoxytetrahydroisoquinoline units in 
emetine, but give no information regarding the structure of the central part of the molecule. 
The action of mild acidic oxidising agents (aqueous ferric chloride, bromine in chloroform, 
alcoholic iodine) leaves the carbon skeleton of the alkaloid intact, but effects a dehydrogenation 


meres (CH,))>CH ff< ((CyH,)(CH,)]>CH 


H tu, he U 
Meo7\’ \NHw =n” \/ Some MeoZ 
MeO! H or lOMe 
\ ‘ ate s d 
(I.) 


to the red, quaternary rubremetinium salts, C,H,,0,N,X (X = halogen) (Carr and Pyman, 

loc. cit.; Karrer, Ber., 1916, 49, 2057; Staub, Helv. Chim. Acta, 1927, 10, 826). O-Methyl- 

psychotrine (II) is an intermediate in this reaction, since it has been isolated from the products 

of interaction of emetine with two atomic proportions of alcoholic iodine, and is further oxidised 

by bromine to rubremetinium bromide (Pyman, J., 1917, 111, 419). Dehydrogenation of 
E2 





$68 Battersby and Openshaw: Studies on the Structure of Emetine. 


emetine with palladium, on the other hand, produces the alkaloid emetamine (III) and a fission 
product, 6 : 7-dimethoxy-1-methylisoquinoline (Ahl and Reichstein, Helv. Chim. Acta, 1944, 
27, 366); the different behaviour is probably due to the absence of acidic conditions in this case. 


lr <([(C,H,)(CH;)]> L 
H 


H 
00/87 Ny S/N 
MeO X Je wd A 
Cc x- CH, 
(VI.) 

In the hope of obtaining further insight into the mode of oxidation of emetine, we have 
studied the action of mercuric acetate, a reagent of considerable value for the dehydrogenation of 
hydroaromatic nitrogenous rings (see, for example, Tafel, Ber., 1892, 25, 1622; Gadamer, 
Arch. Pharm., 1915, 258, 281; 1924, 262, 452; Legerlotz, ibid., 1918, 256, 123). The oxidation 
of emetine with mercuric acetate proceeded readily in boiling, dilute aqueous acetic acid 
solution, and with excess of the reagent the principal product was rubremetinium chloride, 
isolated in 45% yield. This is the most convenient method so far recorded for the preparation 
of rubremetine. A second product of the oxidation was a base, isolated as its crystalline 
hydrogen oxalate. Although this base resembled O-methylpsychotrine in the fluorescence of 
solutions of its salts and the melting point of its hydrogen oxalate, it had a considerably higher 
specific rotation, and analysis indicated the formula C,,H,,0,N,. The presence of two ethylenic 
linkages was confirmed by micro-hydrogenation, and the absorption spectrum suggests that the 
double bonds are conjugated with one another and with a benzene ring. The substance may 
therefore be termed tetradehydroemetine, and, on the basis of the emetine formula (IV) of Brindley 
and Pyman (J., 1927, 1067), it may possess the structure (V). By oxidising emetine with four 
molecular proportions of mercuric acetate, the yield of tetradehydroemetine was raised to 27%, 
and very little rubremetinium chloride was produced. The new base was oxidised to 
rubremetinium chloride by the further action of mercuric acetate, and thus represents a second 
intermediate stage in the oxidation of emetine. Rubremetinium chloride was found to be 
relatively stable to hot aqueous mercuric acetate. Exhaustive investigation of the other 
by-products of the oxidation afforded very small amounts of two crystalline hydriodides, which 
have not been identified. The remainder of the material was amorphous, and neither unchanged 
emetine nor O-methylpsychotrine could be isolated. 

In the formation of rubremetinium chloride from emetine hydrochloride, eight atoms of 
hydrogen are eliminated, one nitrogen atom becomes quaternary, and the other loses its basic 
character. Neither N-methylemetine nor emetamine (III) gives rise to rubremetinium salts on 
oxidation (Brindley and Pyman, /oc. cit.). Any proposed structure for emetine must be capable 
of accounting for these facts. In arriving at the tentative structure (IV), Brindley and Pyman 
suggested that the oxidation involved closure of ring C by amidine formation, thus accounting 
for the mono-acidic, quaternary character of the product, and aromatisation of rings B and C, 
which would account for the colour of the product. Staub (Joc. cit.) has already pointed out that 
the resulting structure (VI) contains two hydrogen atoms fewer than are required by the 
analytical results. If the C,-C, bond is saturated, it is difficult to account for the intense colour 
of rubremetinium salts. 

In view of the uncertainty concerning the degree of unsaturation of the rubremetinium 
salts, an investigation of their catalytic hydrogenation has been made, but it has not so far 
yielded the desired information. Hydrogenation of an alcoholic solution of rubremetinium 
chloride was very slow, and ceased when about 0-6 mol. of hydrogen had been absorbed. In the 
presence of sodium acetate, however, reduction was more rapid, and 1-0 mol. of hydrogen was 
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taken up in five hours, the solution becoming almost colourless. The reduction product could 
not be isolated, as its solution was readily re-oxidised to the orange rubremetinium chloride by 
atmospheric oxygen, passing through an intermediate green stage, suggestive of a semi-quinonoid 
system. The beneficial effect of the sodium acetate on the reduction probably indicates that the 
quaternary nitrogen atom is involved: 


Se=n} cl > cH-N+ HCl 


In view of the above result, it seemed possible that the pharmacological activity of emetine 
might involve its oxidation im vivo to a rubremetinium salt, which could take part in a 
biochemical oxidation—-reduction system. We are grateful to Mr. L. G. Goodwin, of the 
Wellcome Research Institution, for undertaking pharmacological tests on a sample of 
rubremetinium chloride. Activity against Entamoeba histolytica, both in vitro and in vivo 
(rats), was less than 1/200 that of emetine. Similar results were obtained with N-methyl- 
emetinetetrahydromethine (Part I, preceding paper). 

Statements in the literature concerning the behaviour of rubremetinium salts towards alkali 
are somewhat contradictory. Karrer (loc. cit.) observed that treatment of a solution of 
rubremetinium iodide with silver oxide gave a halogen-free solution which on evaporation 
yielded an amorphous, yellow varnish, readily soluble in water to give a neutral solution. Carr 
and Pyman (loc. cit.) found that the halogen-free solution, obtained by the same method, would 
not yield the base to ether or benzene, but chloroform readily removed it. Evaporation of the 
chloroform solution gave rubremetinium chloride, the chloride ion evidently being derived from 
the decomposition of the chloroform by the base. When the aqueous, halogen-free solution was 
evaporated to small bulk, a yellow gum was precipitated which was insoluble in water but 
soluble in ether or hydrochloric acid. The aqueous solution remaining after removal of the gum 
set to a paste of red crystals on cooling. 

The opportunity has now been taken to make a reinvestigation of the action of alkalis on 
rubremetinium chloride, the results obtained being in agreement with those of Carr and Pyman. 
Potentiometric titration against 0-01N-sodium hydroxide confirms the quaternary nature of the 
salt. The alkaline solution showed no fall in pH on standing, indicating that no appreciable 
quantity of pseudo-base is formed under these conditions. When an aqueous solution of 
tubremetinium chloride was treated with silver oxide, the resulting deep red, halogen-free 
solution was strongly alkaline, and by acidification of a sample with hydrochloric acid, the 
chloride was recovered in 88% yield. On evaporation, the solution behaved as described by 
Carr and Pyman, two products being obtained. One, a bright orange-red microcrystalline 
solid, was evidently the quaternary hydroxide, since it dissolved in water to give an alkaline 
solution from which the chloride could be recovered by acidification. This hydroxide is thus 
much more stable than berberinium hydroxide, which cannot be isolated from its solutions 
(Perkin, J., 1918, 118, 503). The second substance was orange-yellow, amorphous, insoluble 
in water, and soluble in ether. It dissolved in dilute hydrochloric acid, but concentration of the 
dark red solution yielded only tarry products, and no rubremetinium chloride could be isolated. 
On basification and extraction with ether, about 20% of an amorphous base was recovered. 
This second substance is probably a pseudo-base or anhydro-base; its solutions rapidly darken 
and resinify on standing, and the failure to recover crystalline rubremetinium salts from it is 
probably due to its instability. 


EXPERIMENTAL. 


Oxidation of Emetine with Excess of Mercuric Acetate—Warm solutions of emetine hydrochloride 
heptahydrate (5 g.) in water (50 c.c.), and of potassium acetate (1 g.), mercuric acetate (21-5 g.), and 
acetic acid (5 c.c.) in water (100 c.c.), were mixed; a yellow coloration was produced, followed by 
rapid separation of mercurous acetate. After 1 hour’s heating under reflux, the colour of the solution 
had d med to. that of a concentrated dichromate solution. The mercurous acetate (9-79 g.) was 
collected and washed successively with water, alcohol, and acetone. The combined filtrate and washings 
were concentrated to remove alcohol and acetone, treated with a further portion of mercuric acetate 
(10 g.), and refluxed for 2 hours. On cooling, mercurous acetate (2-34 g.) separated and was collected 
and washed as above. A finely divided, heavy precipitate of mercurous chloride remained in the flask 
and was washed by decantation. The filtrate was heated to boiling, and hydrogen sulphide was passed 
in until the solution had cooled. The B ne itated mercuric sulphide was removed by filtration 
(‘‘ Filtercel ’’), and the filter-cake was dried and extracted with five 200 c.c. portions of boiling alcohol. 
The extract was concentrated and added to the main filtrate, which was concentrated under reduced 
pressure. After filtration (charcoal), the solution was treated with concentrated hydrochloric acid; 
a red, finely divided precipitate then formed. This was redissolved by warming with addition of a small 
quantity of acetone. On slow cooling, scarlet needles of rubremetinium chloride (1-76 g.) separated, and 
were collected and dried briefly over sulphuric acid ina vacuum. A second crop (0-20 g.) was obtained 
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from the mother liquor by concentration and further addition of hydrochloric acid. After removal of 
the second crop of crystals, the mother liquor was shaken twice with ether to remove most of the acetic 
acid, and then with 7 portions of chloroform ; evaporation of the latter extract gave a red resin (0-395 g.) 
from which a further quantity of rubremetinium chloride (0-105 g.) was obtained by crystallisation from 
dilute hydrochloric acid ; total yield, 2-07 g- (45-6% calculated as hexahydrate). The substance showed 
similar melting-point behaviour to that described by Carr and Pyman (loc. cit.); hydrated material 
sintered at 103° and became transparent at 128°, whilst material dried at 100° in a vacuum, placed in the 
bath at 150°, gradually sintered and flowed as the temperature was raised to 190°. 

The aqueous layer remaining after the chloroform extraction was boiled to expel dissolved chloroform, 
cooled, made strongly alkaline with sodium carbonate, and extracted 5 times with ether. When the 
ethereal extract was dried (Na,SO,) a resinous deposit (0-105 g.) was formed, and was removed. 
Evaporation of the ether left a brown gum (0-888 g.), which was dissolved in hydrobromic acid, 
concentrated to 10 c.c., and seeded with emetine hydrobromide, but no crystallisation occurred, indicating 
the almost complete absence of unchanged emetine. When the basic material was recovered from this 
solution, some black, ether-insoluble tar which formed was removed. The base (0-506 g.) was dissolved 
in alcohol (1 c.c.) and mixed with a solution of oxalic acid dihydrate (0-3 g.) in alcohol (2-5 c.c.); 
immediate crystallisation ensued. The material (0-282 g.) on recrystallisation from alcohol (charcoal) 
formed rosettes of very pale yellow needles (0-194 g.), m. p. 147—149° (decomp.). After 2 further 
crystallisations from absolute alcohol, tetvadehydroemetine hydrogen oxalate (82 mg.) was obtained as 
almost colourless needles, m. p. 151—153° seg gs [a}iP” + 84-5° [c, 1-9 (calculated as anhydrous 
substance) in water]. Dilute alcoholic solutions of the substance showed a blue fluorescence. The 
crystalline material usually became pink or pale brown on ing, this change being accelerated by 
exposure to light (Found: loss at 100° in a vacuum, 2-3, 2-9. H,,0,N,,2C,H,O,,H,O requires H,O, 
2-7%. Found, in anhydrous substance: C, 60-2; H, 61; N, 4:3. C. sea 2CgH,O, requires 
C, 60-3; H, 6-1; N, 43%). Ultra-violet absorption spectrum in water: Maxima at 2450 a. (¢, 25,600), 
3075 a. (€, 14,900), and 35804. (ec, 14,700). Hydrogenation: 21-70 mg. in water (PtO,) absorbed 
1-47 c.c. (1-99 mols.) of hydrogen at 16-9°/746 mm. The reduction product failed to crystallise either as 
the oxalate or as the hydrobromide. 

In another experiment, the aqueous filtrate obtained after removal of the rubremetinium chloride was 
basified with ium carbonate and extracted 4 times with chloroform, the extract yielding a dark 
red-brown tar (0-53 g. from 2 g. of emetine hydrochloride). This partly dissolved in water, and the 
resulting suspension was extracted continuously with ether. From the extract, a small amount of 
tetradehydroemetine hydrogen oxalate was obtained. The aqueous phase was concentrated to 5 c.c., 
and on addition of 1 drop of concentrated hydriodic acid an amorphous mixture of hydriedides was 
precipitated. By treatment with aqueous acetone a red solid (0-31 g.) was obtained, which was largely 
amorphous but contained a small amount of a crystalline material in admixture. By washing the solid 
with warm acetone, and crystallising it from the same solvent (charcoal), rosettes of yellow needles, 
m. p. 252—254° (decomp.), were obtained, in quantity insufficient for analysis. 

Oxidation of Emetine with Four Mols. of Mercuric Acetate-—A solution of emetine hydrochloride 
heptahydrate (2 g.) in water (20 c.c.) was heated on the steam-bath and treated dropwise with a solution 
of mercuric acetate (3-8 g.), potassium acetate (0-4 g.), and acetic acid (2 c.c.) in water (40 c.c.) during 
lhour. Heating was continued for a further } hour, and, after cooling, the mercurous acetate (1-807 g.) 
was removed and washed with water until the washings were colourless. After removal of mercu 
salts from the filtrate with hydrogen sulphide, the clear yellow solution was made strongly alkaline wi 
sodium carbonate and extracted with ether. Evaporation of the extract gave a gum (1-3 g.) which was 
treated with alcoholic oxalic acid. Crystallisation began after several days, and the mother liquor was 
then removed by decantation and replaced by a fresh portion of alcohol (10 c.c.). When crystallisation 
was complete, the tetradehydroemetine hydrogen o: te (0-533 g.; 27%) was collected, washed with 
alcohol, and dried in a vacuum at room temperature; m. p. 150—153° with previous sintering. 
Repeated recrystallisation raised the m. p. to 151—153° (decomp.). 

The aqueous solution remaining from the ether extraction was acidified with hydrochloric acid and 
evaporated to dryness under reduced pressure. The residue was extracted with alcohol and acetone 
until the extracts were no longer coloured. Evaporation left a red-brown resin (0-258 g.) which was 
dissolved in water, filtered to remove a little suspended matter, concentrated to 5 c.c., and acidified 
strongly with hydrochloric acid; a small quantity (6 mg.) of rubremetinium chloride then separated. 
The mother liquor was submitted to various processes but yielded as the only crystalline material a small 
additional amount of tetradehydroemetine hydrogen oxalate (14 mg.). 

The various alcoholic mother liquors from the purification of the main crop of oxalate were combined, 
evaporated to dryness, dissolved in water, and made alkaline. The liberated bases were taken up in 
ether, a quantity of ether-insoluble tar being rejected. The residue from the ethereal extracts (0-310 &) 
was dissolved in dilute hydrochloric acid and precipitated tm hydriodic acid. The resulting yellowish- 
brown solid (0-296 g.) was dried in a vacuum and heated under reflux with a quantity of alcohol 
insufficient to dissolve it completely. After several hours, partial crystallisation occurred and the 
material was collected; m. p. 227—-228° (decomp.) with previous sintering. On crystallisation from 
water, rosettes of pale yellow needles and rods were obtained, m. B 222—224° (decomp.) (placed in bath 
at 150°). Further recrystallisation raised the m. p. to 224-5—226° (decomp.) (Found: C, 54:9; H, 6-1; 
ash, 0-3%). The quantity of material was insufficient for further purification. 

of Tetvadehydroemetine.—The base (56 mg.), recovered from its hydrogen oxalate, was 
dissolved in dilute acetic acid (1 c.c.), and mixed with a solution of mercuric acetate (0-14 g.; 4 mols.), 
potassium acetate (0-025 g.), and acetic acid (0-1 c.c.) in water (2c.c.). After 34 hours’ heating under reflux 
there was a considerable deposit of mercurous acetate, and the solution was deep orange. After treatment 
as described above, scarlet needles of rubremetinium chloride (23 mg.) wane Shtabant which, after being 
dried in a vacuum over sulphuric acid at room temperature, had m. p. 128—130° (decomp.). In 
admixture with an authentic specimen (m. p. 121—123°) the m. p. was 124—126° (decomp.). The yield 
was 32%, calculated as hexahydrate, or 38-5%, calculated as anhydrous salt. 
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Hydrogenation of Rubremetinium Chloride.—The material employed was dried at room temperature 
over sulphuric acid in a vacuum, and then contained 2-3% of water. Platinic oxide (20 mg.) was the 
catalyst in each experiment. 

(1) 33-00 Mg. in alcohol absorbed 0-91 c.c. (0-59 mol.) of om at 15-6°/760 mm. in 24-5 hours; 
absorption was still proceeding very slowly at the end of this tim 

(2) 32-863 Mg. in alcohol containing sodium acetate (30 mg. ; "3 mols.) absorbed 1-49 c.c. (1-01 mols. ) 
at 13-5°/766 mm. in 7 hours. After 25 hours, absorption corresponded to 1-12 mols. 

(3) 34-361 Mg. as in (2) absorbed 1-59 c.c. (0-99 al ) at 15-9°/760 mm. in 6 hours. 

The solution from the second experiment, which was ve e yellow, began to deepen in colour as 
soon as air was admitted. It was filtered as rapidly as possible, made alkaline with sodium hydroxide, 
and evaporated in nitrogen under reduced pressure. A resinous solid remained which was mainly 
yellow, but was contaminated with a brown substance. It was dissolved in ether, dried (K,CO,), and 
treated with hydrogen — The pale brown solid which was precipitated rapidly darkened and 
became almost black. No crystalline material could be obtained from it. The solution from the third 
experiment was left in air, without removal of the catalyst. During 4—5 hours, the colour changed 
through green to the original orange-red. 

Behaviour of Rubremetinium Chloride towards Alkalis.—For the potentiometric titration, a standard 

“ Cambridge” pH meter with glass electrode was used. The curve obtained with rubremetinium 
chloride was almost identical with that of an equimolar solution of potassium chloride, and differed 
widely from that of a similar solution of ammonium chloride. The alkaline solution showed no change 
in pH after 1 hour. 

Rubremetinium chloride (0-254 g.) dissolved in water (36 c.c.) to give a solution neutral to litmus. 
Silver oxide (from 0-085 g. of silver nitrate) was added, and the mixture was shaken, with exclusion of 
carbon dioxide, until free from chloride ions. The filtered solution, which was a — orange than the 
original, and se! alkaline to thymolphthalein, was divided into 3 equal portions. e first portion was 
acidified with hydrochloric acid and concentrated to a small volume under reduc pressure ; 

tubremetinium chloride (75 mg.; 88%) then crystallised. The second portion was evaporated to 
dryness in ——y under reduced pressure, and the residual red-brown resin (72 mg.) was broken up and 
extracted with four 16 c.c. art ae of boiling ether, the combined extracts being washed twice with a 
little water. The ether-insoluble material, a bright orange solid, was dissolved in water and added to the 
aqueous washings. By treatment with hydrochloric acid as before, rubremetinium chloride (25 mg.) 
was obtained. The yellow ethereal extract was dried (Na,SO,); during this process a red deposit 
formed on the drying agent and on the walls of the flask. The ethereal solution yielded on evaporation 
a clear orange ft ed gum (39 mg.), which'was almost completely soluble in warm dilute hydrochloric 
acid, giving a deep red solution. On standing, and on concentration, only dark brown gums separated 
from this solution, which gradually became darker. On basification and extraction with ether, a gum 
(8 mg.) was recovered; the hydriodide of this failed to crystallise. The third portion of the original 
solution was concentrated to 2 c.c. by boiling; on cooling, it set to a paste of red crystals. On repeated 
evaporation with water on the steam-bath, a yellow gum (10 mg.) was formed, similar to that described 
above. After extraction of this with ether, the aqueous solution was acidified with hydrochloric acid 
and gave rubremetinium chloride (39 mg.) on concentration. 


The microanalyses were conducted by Mr. D. J. Lloyd and Miss A. Doherty, to whom we express our 
thanks. We are grateful to the Wellcome Foundation Ltd. for generous gifts of emetine, to Dr. 
C. H. Kellaway, F.R.S., for his interest in these investigations, and to Dr. A. E. Gillam for making the 
absorption spectrum measurements. Maintenance grants to one of us (A. R. B.) from the Department of 
a and Industrial Research and the Lancashire County Education Committee are gratefully 
acknowledged. 
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$13. The Benzoylation of Substituted Anilines. An Investigation 
into the Additive Effects of Substituents. 


By F. J. Stusss and Sir Cyrit HINSHELWooD. 


It has been shown, for the benzoylation of twenty-one disubstituted anilines, that the 
resultant effect on the activation energy of two substituents in the same benzene nucleus 
is very closely the sum of their individual effects. The entropy of activation remains very 
nearly constant for o- as well as m- and p-substituted derivatives. Reactivity of mono- 
derivatives is quantitatively correlated both with polarity, and with the dissociation constant 
of the amine. 


Tue study of organic reactions has shown that a substituent in the benzene nucleus affects 
the reactivity by altering the availability of electrons at the point of reaction. Most of the 
kinetic studies on aromatic compounds have been concerned with the influence of a single 
substituent in the nucleus, and little systematic work seems to have been carried out on the 
resultant effect of two or more substituents. The question whether this resultant effect is 
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less than, equal to, or greater than the sum of the individual effects is of considerable interest, 
and the present paper deals primarily with this problem. The results of Bradfield and Jones 
indicate that in the chlorination of phenolic ethers, R-O-C,H,X, the effects of R and X are 
additive (see Watson, “Modern Theories of Organic Chemistry,’’ Oxford, 1941, p. 78) so that 
the existence of a more general additive effect is not improbable. 

The reaction chosen for the investigation was the benzoylation of aniline in benzene solution, 
which had been studied previously by Williams and Hinshelwood (jJ., 1934, 1079). The reaction 
is simple and complete, taking place quantitatively according to the equations 








C,H,-COCI + C,H,NH, = C,H,-NH-CO-C,H, + HCl 
C,H,NH, + HCl = C,H,-NH,,HCl 


no by-products being formed. Reaction occurs at one point only in the molecule, the carbon 
of the -COCl uniting with the nitrogen of the -NH, group and HCl being eliminated. 

The previous work was a general kinetic study of the reaction, and included measurement 
of the effect of m- and p-substituents both in the aniline and in the benzoyl chloride. Within 
the limits of error for activation energy determination, changes in reaction velocity caused by 
the various substituents were found to be wholly accounted for by changes in the activation 
energy, the entropy of activation remaining very nearly constant. 

The present investigation was confined to a study of the effect of substituents in the amine 
itself. The effect of various individual groups in positions o-, m-, and p- with respect to the 
-NH, group was first determined, and with this knowledge the resultant effect of different 
combinations of two substituents in the same nucleus could be compared with the sum of 
the individual effects. Twenty-one di-substituted anilines were investigated, including all six 
isomeric xylidines. 





EXPERIMENTAL, 


The hydrogen chloride formed as a product of the reaction combines with excess of aniline to give 
a precipitate of aniline hydrochloride. This was filtered off and dissolved in water, the chloride being 
then estimated by Volhard’s method. The ———— details have already been described (Grant 
and Hinshelwood, J., 1933, 1351; Williams and Hinshelwood, Joc. cit.). 

The reaction was again shown to be strictly quantitative. All reagents were mixed at the tem- 
perature of the experiment, and all concentrations corrected for the thermal expansion of the solvent. 
All apparatus was calibrated. 

The concentrations of reagents used in all experiments were: benzoyl chloride, m/200; aniline, 
m/100. 

, Where there was no reason to expect any possible abnormality in the activation energy—entropy 
relation, the rate measurements were made at 25-0° only. Various direct activation energy deter- 
——s were, however, made over the range 15—60°. (The thermostats could be regulated to 
+0-02°. 

anes chloride, aniline, and the various aniline derivatives were purified to constant m. p. or b. p. 
by recrystallisation or fractionation. ‘‘ AnalaR ’”’ Benzene was used as solvent in all reactions. 

The velocity constants determined covered a 50,000-fold range. The experimental method proved 
to be satisfactorily precise, and the results with all derivatives were readily reproducible. 

The course of the reaction is expressed by the usual bimolecular formula, as shown by the typical 
results in Table I, where ¢ is the time in minutes, * the % change, and & the velocity constant 
cms /l./sec.); @ is the initial concentration of the acid chloride, and b that of the amine in g.-mols./l. 
a = b/2 = 0-005. 

Hence k= 























1 1 - iia) 100 
2 x 601 |100 —-x 100) * a’ 


The summarised results are given in Tables II—V; those for o-, m-, and p-nitroaniline have been 
taken from the work of Hinshelwood, Newling, and Staveley (Trans. Faraday Soc., 1934, 30, 597). 


TaBLe I. 
Velocity constants at 25-0°. 

2: 4-Dimethylaniline. p-Chloroaniline. 5-Chloro-2-methylaniline. 
x, £. k x 10%. &. t. k x 10%, x. t. k x 10°. 
40 9-7 11-54 20 27-0 1-56 20 290 0-145 
50 14-3 11-79 30 46-4 1-55 30 488 0-148 
60 22-5 11-20 40 10-7 1-58 40 740 0-152 
70 35-5 11-04 50 108-0 1-56 50 1160 0-151 

Mean 11-4 60 162-0 1-56 60 1640 0-154 
70 244-0 1-61 Mean 0-150 





Mean 1-57 
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Taste II. 
Activation Activation 
Compound. (Res X 10*). energy (£).* Compound. (Res X 10*). energy (£).* 


Aniline 7600 ili 0-0486 10,100 
o-Toluidine . 8300 i ili 0-00030 13,800 
2: 6-Dimethylaniline ... - 9000 


* From temperature coefficient. 


TABLE III. 


log io log io 

Compound. (Ags X 10*). (kg, x 10*). E’.* Compound. (kgs X 10*). (Ags x 108). E’.* 
Aniline 7-48 08739 7,600 + m-Bromoaniline 0-396 15977 9,340 
o-Toluidine 2-81 0-4487 8,180 o-Anisidine 9-07 0-9576 —-7,490 
m-Toluidine 13-8 11399 7,240 pennies ’ = 
p-Toluidine 31-6 n., O0h deme: gue eee. eee 
o-Chioroaniline 0-0486 © 2-6866 10,580 acaaaaie a ‘saan = ‘ 
m-Chloroaniline 0-436 j-6395 9270 ?™ ae — 
p-Chloroaniline 1-57 01955 8,530 


* Calculated from log k,, with non-exponential factor equal to that for aniline. 


TaBLeE IV. 
Substituent group. ° Substituent group. AE’. 
H +1740 
— — 110 
mCi, +6000 
p-CH, +3040 


o-Cl +4430 
m-Cl 


~-Cl 


TABLE V. 


: 3-Dimethylaniline 

: 4-Dimethylaniline 

: §-Dimethylaniline 

: 6-Dimethylaniline.......... Maisindpeesess 

: 4-Dimethylaniline 

: 5-Dimethylaniline 

: 4-Dichloroaniline 

: 5-Dichloroaniline 
3 : 5-Dibromoaniline 
3-Chloro-2-methylaniline 
4-Chloro-2-methylaniline 
5-Chloro-2-methylaniline 
3-Chloro-4-methylaniline 
4-Nitro-2-methylaniline 
5-Nitro-2-methylaniline 
2-Nitro-4-methylaniline 
4-Chloro-3-nitroaniline 
5-Chloro-2-methoxyaniline 
5-Bromo-2-methoxyaniline 
4-Nitro-2-methoxyaniline 
5-Nitro-2-methoxyaniline . 10,530 
a-Naphthylamine . 
f-Naphthylamine ° 7,830 


DISCUSSION. 


(1) Constancy of the Entropy of Activation.—For p-substituents, the entropy of activation 
(non-exponential term) has already been shown to be constant within the limit of experimental 
error. In view of the behaviour of o-substituted compounds in general, it was thought desir- 
able to make direct measurements of the activation energies for the benzoylation of some of 





$74 ; Stubbs and Hinshelwood: 


the o-substituted anilines. The results are given in Table II, and in Figure 1. The experi- 
mental values of E are plotted against log,, (kg, x 10*). The line of slope —2-303RT is drawn 
through the point representing the benzoylation of unsubstituted aniline. All four points lie 
close to the theoretical line, showing that even for o-substituted compounds the entropy of 
activation is very nearly constant. (In this consideration we are neglecting changes in the 
collision frequency Z, which in fact varies slightly from one reaction to another according to 


1 1 : 
the expression Z = constant J vA oad uM.’ where M, and My are the molecular weights of the 
A B 


reacting molecules. Benzoyl chloride was one reagent throughout, so that M, is constant. 
My varies slightly, but calculation shows the difference between the highest and lowest values 
of Z is so very small that the variations may be disregarded.) 

We therefore take the entropy of activation to be constant throughout, within the limits 
of error involved in direct determinations of E. 


Fic. 1. 














Plot of experimental E against logy (kgs X 10*) for o-compounds. 


(2) Additive Effects of Substituents.—The velocity constants for the whole series of mono- 
and di-substituted derivatives are given in Tables III and V. The resultant effect of two 
substituents in the same nucleus can now be compared with the sum of the individual effects. 

Since changes in log & itself can be determined more accurately than changes in experi- 
mentally measured values of E, we work in the first instance with the former. Results expressed 
in terms of log & being, however, less convenient for discussion than those translated into 
energies, we express them as changes in the free energy of activation, (—RT Ink). If the 
entropy of activation is in fact constant, then changes in the free energy of activation are 
changes in the activation energy itself. With the observed value of E for the benzoylation of 
aniline as a reference point all values of log, %,, can now be translated into values of an 
activation energy, E’. (Changes in E’ are only changes in the true activation energy in so 
far as the non-exponential factor is in fact constant, but are always changes in the free energy 
of activation.) 

The experimental error in determining velocity constants in this work was about +2-5% 
which corresponds in terms of activation energy changes to about +25 cals. The values of 
E’ are therefore given to the nearest 10 cals., but only limited significance is to be attached 
to the last figure before the zero. The error involved in the direct determination from tem- 
perature coefficient measurements of changes in E is greater, being about +100 cals. Thus 
variations in the free energy of activation (or E’) will be known more accurately than those 
in E itself. 

Table III contains the values of E’, calculated from log & for the mono-substituted deriv- 
atives of aniline. These values may be compared with those found from temperature co- 
efficients for E (in Table II) and show quite good agreement. 

From the results given in Table III, the change in E’ (AE’) caused by the various sub- 
stituents can be determined and these are given in Table IV. 
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The resultant effect of two substituents in the same nucleus proves to be simply the sum 
of their individual effects. From the results given in Table IV, the values of the activation 
energy for all the di-substituted aniline derivatives can be predicted, as in the following 
examples : 

2: 3-Dimethylaniline 7,600 + 580 — 360 = 7,820 
3-Chloro-4-methylaniline 7,600 — 850 + 1,670 = 8,420 


Table V gives for the twenty-one di-substituted anilines investigated the values of E’ 
obtained from log & and those predicted on the assumption of a strictly additive effect. There 
is in fact good agreement in all cases, such discrepancies as occur being probably insignificant. 
The values of E’ from log k, are correct to about +25 cals. but the additively computed values 
since they depend upon two determinations are only correct to +50 cals. The possible 
divergences of the two sets are therefore about 75 cals. The last two columns of Table V 
record the observed and predicted changes in E’ caused by the introduction of the substituents 
into aniline. The agreement between the two sets of values is shown more clearly in this way. 
Practically none of the divergences significantly exceeds that estimated as the experimental 
error. 

In the benzoylation of twenty-one di-substituted anilines, therefore, the resultant effect of 
two substituents is very closely the sum of their individual effects. 

This result applies primarily and directly to what are essentially changes in the free energy 
of activation. The evidence that the entropy of activation remains constant was already 
available for various m- and p-substituted anilines, and has now been provided for some of 
the o-compounds. Thus the additivity applies to the activation energies themselves. 

A comment on this last statement should be made. The degree of accuracy with which 
the changes in the free energy of activation (AE’) have been shown to be additive exceeds that 
with which they can be shown experimentally to equal the changes in the activation energy 
itself. The question arises, therefore, whether the additivity does in fact apply less closely 
to the latter than to the former. Coherence arguments suggest that this is improbable. 
Changes in E are sometimes correlated with changes in the entropy term, and when such a 
correlation occurs it is systematic. Now in the present examples there is no systematic cor- 
relation of E and the non-exponential term over wide ranges of the former. It is very unlikely, 
therefore, that small irregular changes would be so compensated as to lead to a more precise 
additivity among free energies of activation than among the E values themselves. The precise 
additivity of the free energy values combined with the less precisely verifiable but still quite 
definite constancy of the entropy term, thus makes it probable that the additivity shown by 
the change in free energy of activation (AE’) does in fact merely reflect a corresponding 
additivity in the values of AE. 

(3) Halogen Substituents.—The results of Table IV show that a p-methyl group has a greater 
effect than a m-methyl group, and also that a p-nitro-group has a greater effect than a m-nitro- 
group. In the chloroanilines, however, the p-chlorine atom has a smaller effect than the 
m-chlorine atom (cf. the slightly anomalous position of the ~-Cl in Fig. 2). 

This fact appears to be intimately connected with the anomaly encountered in aromatic 
substitution reactions, that a halogen atom, although it deactivates the nucleus, is o—p-direct- 
ing. This is commonly attributed to the fact that whereas in the normal state a halogen 
substituent attracts electrons, thereby deactivating the nucleus at all points (—J), the approach 
of a reagent causes an electromeric effect (+7). These two effects are in oppositioa, but 
since the latter produces activation at the o- and p-positions, substitution occurs there in spite 
of the general deactivation. In the present example the —I effect increases the activation 
energy. The +T effect tends to neutralise the increase if the halogen is in the p-position to 
the amino-group, but not if it is in the m-position. 

It is interesting to note, moreover, that in spite of the existence of the anomaly referred to, 
the E-log & relations for the halogens fit in perfectly well with those for other substituents. 
The abnormal behaviour of the halogens might have been expected to reveal itself in an abnormal 
entropy of activation. No such discrepancy is found. Although the approach of the reagent 
sets up an induced electromeric moment, this is reflected simply in a changed activation 
energy, the non-exponential factor remaining unchanged. 

It is also interesting to note that the effect of bromine is almost identical with that of 
chlorine. 

(4) Relation between E and Polarity.—Figure 2 is a plot of E’ (calculated from log k) against 
the polarity of the substituent group (as measured by the dipole moment of the compound 
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C,H,X) for some p-compounds and for the four o-compounds studied. The points lie approx- 
imately on straight lines, showing that there is a general relationship between the reactivity 
of the nucleus and the polarity of the substituent. 

(5) Relation between Velocity Constant and Dissociation Constant.—Figure 3 is a plot of 
log k for the benzoylation of various substituted anilines and two naphthylamines against the 
logarithm of their dissociation constants. There is a definite linear relationship. This is 
readily explained, since both the basic strength of the aniline and its rate of benzoylation 
depend upon the availability of the unshared pair of electrons on the nitrogen atom. This 
result again reflects the correlation between reactivity and polarity. 

(6) The ‘“‘ Ortho-effect’’—Victor Meyer attributed the “ ortho-effect”’ to geometrical 
steric hindrance. If this were correct the magnitude of the effect would be dependent upon 
the size of the substituent. No such simple relationship has ever been found. Moreover, a 
purely geometrical effect might well tend to cause a low velocity by reducing the non-exponential 
term rather than by increasing E. 

In the benzoylation of anilines the non-exponential term remains constant, even for o-sub- 
stituted derivatives. This fact is in contrast with what some investigators have found in 
other reactions (Evans, Watson, and Williams, J., 1939, 1348; Evans, Gordon, and Watson, 
J., 1937, 1430). 

If the “‘ ortho-effect ” is due to some interaction between adjacent groups in the aromatic 
nucleus (such as the formation of hydrogen bonds), anomalies might be expected in the results 
for those di-substituted derivatives where the two substituents are in adjacent positions. 
Compounds of this type are 2 : 3-dimethylaniline, 3 : 4-dimethylaniline, 3-chloro-2-methyl- 
aniline, 3-chloro-4-methylaniline, and 4-chloro-3-nitroaniline. With all these compounds, 
however, the results throughout the present work are perfectly normal. The substituent in 
the position o- to the amino-group appears somehow to interact with the unshared pair of 
electrons on the nitrogen atom in such a way that the latter are subjected to an extra con- 
straint. This constraint leads to a change in the energy of activation only, and not to a change 
of entropy. Fig. 2 shows that there is an increased energy of activation for all o-compounds 
of roughly 1500 cals. 

(7) Naphthylamines.—It was thought worth while to compare the reactivity of a- and B- 
naphthylamine respectively with 2 : 3-dimethyl- and 3 : 4-dimethyl-aniline. From Table V 
it is obvious that there is no similarity between the respective values. In fact, both a- and 
§-naphthylamine are less reactive than aniline. General experience shows that $-naphthyl- 
amine is more reactive than a-naphthylamine and this is found to be so here. 


We should like to express our thanks to I.C.I. Ltd. (Dyestuffs Division) for the gift of samples of 
various substituted anilines. 
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S14. Esters of N-Substituted Phthalamic Acids. Preparation and 
Use in the Optical Resolution of Alcohols and Amines. 


By J. P. Eczrton Human and Joun A. MILLs. 


Methods of preparation of esters of the mel snr a are described, which 
ps 


give good yields for a wide range of gro and R’. The esters are stable solids of good 
crystallising power. Successful senelitiene of (+)-trans-2-methylcyclohexanol, (+ )-trans-3- 
ee and (+)-2-butanol through their (—)-N-menthylphthalamic esters are 
desc: 


Very few esters of N-monosubstituted phthalamic acids are recorded in the literature, and 
usually these have not been made from the acids by normal esterification procedures, because of 
the ease of cyclisation of those acids: under a variety of conditions to give N-substituted 
phthalimides (e.g. Tingle and Rolker, J. Amer. Chem. Soc., 1908, 30, 1882). Clark and Read 
(J., 1934, 1775) found that (—)-N-menthylphthalamic acid suffered cyclisation during attempts 
at esterification with (—)-menthol. The reaction of an alkyl iodide with the silver salt of an 
acid has been used to prepare a few esters, such as methyl phthalanilate (van der Meulen, Rec. 
Trav. chim., 1896, 15, 347), but this method is of limited value. 
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The following three fairly general methods enabled good yields of esters of the above type to 
be obtained for a wide range of alcohol and amine components. Each of the methods involved 
the formation of an intermediate acid chloride which was generally too unstable to be isolated, 
and the chlorides were prepared and used in dilute solution in the cold, by the method of Carré 
and Liebermann (Compt. rend., 1934, 199, 1422), which used exactly one mole each of pyridine 
and thionyl chloride. Human and Mills (Nature, 1946, 158, 877) have elsewhere noted the value 
of this method. 


SOcl, 
(A). 0-HO-CO-C,HyCO,R’ ———> 0-Cl-CO-C,HyCO,R’ RNE 
(I.) —_ (II.) —— 
Socl, R’OH+C,H Sco. 
(B). o-NHR-CO-C,H,CO,H ———-> o-NHR-CO-C,Hycocl ST, ( CO-NHR 
(IV.) CoHN (V.) Ok 


R’OH 
(C). o-ClCO-C,HyCOC] ———> o0-Cl-CO-C,H,-CO,R’ 
(VI.) CHAN (VII.) 


Method (A). The hydrogen phthalate (I) of an alcohol was converted into the acid chloride 
(II), which was then coupled with an amine to give the desired ester (III), using either pyridine 
or an excess of amine as hydrogen chloride acceptor. Drew and Hatt (j., 1937, 16) used 
essentially this method treating o-carbomethoxybenzoy]l chloride (II; R’ = Me) with hydrazine, 
but they isolated the acid chloride. The method gave 70—97% yields of ester from a number of 
hydrogen phthalates, but failed completely with (—)-trans-4-isopropylcyclohex-2-enyl hydrogen 
phthalate, therefore it may not be applicable to the hydrogen phthalates derived from 
«8-unsaturated alcohols and others which readily undergo dehydration. When concentrated 
aqueous ammonia was used in the second stage, esters of phthalamic acid (III; R = H) were 
obtained. 

Method (BY. Asubstituted phthalamic acid (IV) was esterified directly, the acid chloride (V) 
being prepared by the action of equimolecular amounts of thionyl chloride and pyridine, and 
treated with with an alcohol in the usual way. This result was surprising in view of the ease of 
cyclisation of most monosubstituted phthalamic acids, but it seemed to be fairly general. Acid 
chloride formation and esterification took place almost exclusively with cyclohexylphthalamic 
acid (IV; R = cyclohexyl), as well as with menthyl- and meomenthyl-phthalamic acids (IV; 
R = menthyl), and the corresponding phthalimides were not detected in the product. The 
chlorides of these three acids seemed to be stable in ether solution up to its boiling point. 
Phthalanilic acid (IV; R = Ph) and phthalamic acid (IV; R = H) also gave esters (III), but in 
rather poor yields, and they were difficult to purify because of the presence of large quantities of 
the products of cyclisation. The low solubility of the last two acids in the solvents used may 
have contributed to the unsatisfactory results. 

This method gave good results with an «$-unsaturated alcohol and a glycol, and probably 
would be applicable to phenols, and is therefore, in part, complementary to (A). It should also 
provide a route to mixed phthalamides of the type o-RNH°CO’C,H,°CO*-NHR’, of which very 
few examples are known. 

Method (C). s-Phthaloyl chloride (VI) was treated with one mole each of an alcohol and of 
pyridine, to give the ester-acid chloride (II), which was treated with an amine, as in method (A). 
This method was not much investigated, in view of the success of (A) and (B), as the chance 
of by-product formation was greater, but a good yield of ester was obtained when 
R = R’ = menthyl. 

The esters prepared were all solids of good crystallising power, with melting points mainly 
in the range of 100—200°, and all were stable to heat up to the melting point. Hydrolysis with 
a slight excess of alkali regenerated the alcohols and phthalamic acids, and the amines were 
recoverable by decomposing the phthalamic acids with hydrazine (Ing and Manske, J., 1926, 
2348) ; it was not necessary to cyclise the acids before treatment with hydrazine. 

When the amine RNH, is optically active, and the alcohol R’OH is racemic, the ester (III) 
represents a diastereoisomeric mixture theoretically capable of separation, and the optical 
resolution of three alcohols by this method was examined, using (—)-menthylamine as the active 
amine. Initial preparation of the esters usually was by method (A), and the (—)-menthyl- 
phthalamic acid recovered after hydrolysis of the esters was used again by method (B). The 
diastereoisomeric mixtures separated very slowly, and long and tedious fractional crystallisations 
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were necessary. Eventually, quite good yields of one active component were obtained from 
(+)-2-butanol and (+)-tvans-3-methylcyclohexanol (in each case the form which is less readily 
available by other methods of resolution), but only 8% of the theoretical amount of /evo-epimer 
was obtained from (-+)-tvans-2-methylcyclohexanol. Replacement of (—)-menthylamine by 
(+)-meomenthylamine in the latter case showed no advantage. 

Use of the esters (III) also presents the possibility of resolving a racemic amine with an active 
alcohol. An attempt to resolve (+)-a-phenylethylamine with (—)-menthol showed that a 
resolution was proceeding, but it had to be abandoned because of its slowness. 


EXPERIMENTAL, 


Typical examples of the three methods of preparation of the esters (III) are given below. The choice 
of solvent for the reaction did not greatly affect the yield, and at different times ether, chloroform, 
benzene, and carbon tetrachloride were used. Ether probably gave the best yields, but was the most 
difficult to make and keep pure and anhfdrous. Purified chloroform was attractive because of its high 
solvent power, in particular for = ydrochloride, but unless it was distilled from phosphoric oxide 
the rapid formation of carbonyl chloride on storage was a disadvantage. 

Method (A). —{ +t )-dvans-2-Methyleyclohexyl hydrogen phthalate (Gough, Hunter, and em te | a 
1926, 2052) (2-00 g.) was dissolved in dry ether (25 ml.) and to the solution were added pure ydrous 
pyridine (0-616 ml.; 1-0 mol.) and pure thionyl chloride (0-554 ml.; 1-0 mol.); the mixture was shaken 
and left protected from moisture at 20° for 4 hours, during which granular pyridine hydrochloride 
separated. cycloHexylamine (0-755 g.; 1-0 mol.) and pyridine (0-616 ml.) were dissolved in ether 
(5 ml.) and added to the mixture, which was left overnight at 20°. More ether was added to dissolve 
some ester which had crystallised out, and the ethereal solution was washed to remove — and a 
little unreacted hydrogen phthalate. Removal of the ether left a slightly impure ester (III; R = cyclo- 
hexyl, R’ = 2-Me-cyclohexyl), m. p. 146°, in 83% yield. (Pure sample, see below.) 

Method (B).—{—)-N-Menthylphthalamic acid (IV; R = menthyl) (Clark and Read, loc. cit.) (4-34 g.) 
was dissolved in dry ether (40 ml.), containing pyridine (1-15 ml.; 1-0 mol.), in a flask fitted for stirring 
and protected from moisture. Thionyl chloride (1-04 ml.; 1-0 mol.) dissolved in ether (10 ml.) was 
dropped in during 30 minutes at 25°. The dropping funnel was rinsed with ether (5 ml.) and the mixture 
left for 45 minutes. Pyridine hydrochloride separated. A solution of (—)-trans-4-isopropylcycilo- 
hex-2-enol (Gillespie, Macbeth, and Mills, J., 1948, 996) (2-0 g.; 1-0 mol.) and pyridine (1-15 ml.) in ether 
(15 ml.) was dropped in during 30 minutes; the mixture was left at 25° for one hour and then refluxed 
for 30 minutes. During the working up a sodium carbonate washing recovered unchanged (— )-menthyl- 
phthalamic acid (10%). The yield of crude ester (III; R = menthyl, R’ = isopropylcyclohexeny)), 
m. p. 122°, was 89% (5-45 g.), hence very little (—)-N-menthylphthalimide, m. p. 109°, could have been 
formed. (Pure ester below.) 

In the above case the acid chloride (IV; R = menthyl) showed so little tendency to cyclisation that 
_ it was immaterial whether the pyridine or thionyl chloride was added first, or both together, but for very 

readily cyclised acids they were mixed in the proper amount and added slowly. ith the acid (IV; 
R = cyclohexyl) refluxing was omitted, and for (IV; R = Ph) and(IV; R = H) the whole reaction was 
carried through with ice-water cooling in two hours. 

Method (C).—s-Phthaloyl chloride (5-1 g.) was dissolved in dry benzene (15 ml.) and to the solution was 
slowly added a solution of (—)-menthol (3-9 g.; 1-0 mol.) and pyridine (2-0 g.; 1-0 mol.) in benzene 
(15 ml.), with shaking and cooling. After standing for 2 hours, the solution was poured from the 
yridine hydrochloride into a mixture of (—)-menthylamine (3-9 g.; 1-0 mol.) and pyridine (2-0 g.) in 

mzene (15 ml.). After 2 hours’ standing the product was worked up as usual. The ester (III; 
R = R’ = menthyl) (90% yield) was deeply coloured and rather impure (pure ester below). 

New Compounds.—Data in parentheses show the substituents in the general formula (III), the method 

of preparation, the solvent in which it was done, and the yield before recrystallisation. Excepting those 

repared by method (C), the crude esters —— about two crystallisations to reach analytical purity. 

me of the yields recorded were obtained during preliminary work, and may not be the highest 
attainable. 

cycloHexyl phthalamate (R = H, R’ = cyclohexyl; A, using aqueous ammonia, benzene, 50%; B, 
chloroform, poor yield), needles from light petroleum (b. p. 60—90°), m. p. 96° (Found : C, 68-3; H, 6-7. 
C,4H,,0,N requires C, 68-0; H, 69%). cycloHexyl phthalanilate (R = Ph, R’ = cyclohexyl; A, 
benzene, 97%; B, chloroform, poor yield; C, carbon tetrachloride, 60%), needles from light petroleum, 
m. p. 111-5—112° (Found: C, 74:2; H, 6-5. C,)H,,O,N requires C, 74:3; H, 66%). (+)-trans-2- 
Methylcyclohexyl N-cyclohexylphthalamate (R = cyclohexyl, R’ = 2-Me-cyclohexyl; A, ether, 83%; B, 
chloroform, 90%), minute needles from light petroleum (b. p. 100—120°), m. Pp. 147—148° (Found: C, 
73-4; H, 8-5. C,,H,,O,N requires C, 73-4; H, 86%). Ethyl (—)-N-menthylphthalamate (R = menthyl, 
R’ = Et; B, ether, 84%), minute needles from light petroleum (b. p. 60—90°), m. p. 116—116-5°, 
[a]}®” —41-9° (in chloroform, c, 2-6) (Found: N, 4-2. H,,0,N requires N, 4-2%). n-Amyl (—)-N- 
menthylphthalamate (R = menthyl, R’ = n-amyl; B, ether, 87%), needles from light —* (b. p. 
40—60°), m. p. 101—102°, [a]}/* — 35-9° (in chloroform, c, 4-5) (Found: N, 3-9. C,,H,,0O,N requires 
N, 38%). Allyl (—)-N thylphthalamate (R = menthyl, R’ = allyl; B, ether, 62%), needles from 
light petroleum (b. p. 40—60°), m. p. 98-5°, [a]}?" — 43-0° (in chloroform, c, 3-0) (Found: N, 4:1. 
C,,H,,O,N requires x, 4:1%). cycloHexyl (—)-N-methylphthalamate (R = menthyl, R’ = cyclohexyl; 
A, benzene, 70%), needles from light petroleum (b. p. 60—90°), m. p. 164—164-5° (Found: N, 3-7. 
C,,H,,0,N requires N, 3-6%). (—)-Menthyl (—)-N-menthylphthalamate (R = R’ = menthyl; B, ether, 
60% ; C, benzene, 90%), needles from aqueous alcohol, m. p. 154°, [«]}¥° — 86-8° (in chloroform, c, 3-2) 
(Found: N, 3-1. C,,H,,0,N requires N, 3-2%). (—)-trans-4-isoPropylcyclohex-2-enyl (—)-N-menthyl- 
phthalamate (R = menthyl, R’ = isopropylceyclohexenyl; A, various conditions, nil; B, ether, 89%); 
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minute needles from light eum (b. p. 50—80°), m. p. 130°, (a]}?’ — 126° (in chloroform, c, 4-4) 
(Found: N, 3-3. 7 oa - er N, 3:3%). Ethylene glycol bis-(—)-N-menthylphthalamate 
[(CyoH*NH-CO-C,H, 0,-C a2; 8, chloroform, 89%], crveniiins wder from acetone, m. p, 
239—241°, sparingly soluble in most solvents (Found : N, 4:5. C,,H,,0,N, requires N, 4-6%). 

N-cycloHexylphthalimide was prepared by mixing equimolecular quantities of phthalic anhydride 
and cyclohexylamine in chlorobenzene, and, after the spontaneous reaction subsided, heating until no 
more water was evolved. After recrystallisation from alcohol it formed glistening large plates, m. p. 
170—171°, not 168° (Vanags, Chem. Abs., 1940, 34, 1983). brie pp Sage a slight excess of methyl- 
alcoholic potassium hydroxide gave N-cyclohexylphthalamic acid (IV; R = cyclohexyl), shining platelets 
from aqueous alcohol, m. p. 160—161° (sealed tube) (Found : N, 5-6. C,,H,,0,N requires N, 5-7%). 

Resolution of (+ )-trans-3-Methylcyclohexanol.—{ + )-trans-3-Methylcyclohexy] hydrogen phthalate 
(Macbeth and Mills, /., 1945, 709) (59 g.) was dissolved in pure ether (600 ml.) and converted into acid 
chloride as in method (A), the thionyl chloride being added dropwise to the refluxing solution during one 
hour. After a further 30 minutes the acid chloride was treated with (— )-menthylamine during one hour 
and the whole left overnight. More ether was added and the products worked up as usual, giving the 
diastereoisomeric mixture, m. p. 120—130°, in 92% yield. This was ee systematically in 4 
fractions from aqueous alcohol (80—90% ; about 8 ml./g.). Initially rapid, the separation became slow 
after the m. p. reached 163—168°, corresponding to 80% dextro- and 20% /avo-epimer, and 23 series o; 
recrystallisations were necessary before ys (+)-trans-3-methylcyclohexyl (—)-N thylphthalamat 
(III; R = menthyl, R’ = 3-Me-cyclohexyl) (Found : N, 3-6. C,,;H,,0,N requires N, 3-5%), fine needles, 
m. p. 183°, [«]p — 25-0° (in chloroform), was obtained (16-5 g., 41% of theory). Hydrolysis was effected 
by refluxing the ester with methyl-alcoholic potassium hydroxide (4% ; 1-3 mols.) for 40 minutes. After 
working up and recovering the alcohol by continuous ether extraction, (+ )-trans-3-methylcyclohexanol, 
b. p. 88°/15 mm., aff" + 3-70° (homogeneous, / = 1), was obtained (80% recovery). Acidification of 
the alkaline solution from the hydrolysis gave (—)-N-menthylphthalamic acid (93% recovery). 

For (—)-trans-3-methylcyciohexanol Macbeth and Mills (J., 1947, 205) recorded aff” — 3-62° 
(homogeneous,/ = 1). From this was prepared (—)-trans-3-methylcyclohexyl (—)-N-menthylphthalamate 
(Found: C, 75-4; H, 9-8%), needles from aqueous alcohol, m. p. 135—136°, [a]p — 44-4° (chloroform). 

Resolution of (+)-trans-2-Methylcyclohexanol.—{ + )-trans-2-Methylcyclohexyl hydrogen phthalate in 
ether was combined with (—)-menthylamine as in the preceding resolution, giving the diastereoisomeric 
mixture, m. p. 155—160°, [«]#?’ — 25° (chloroform), in 79% yield. For each of the large number of 
solvents tried the rate of resolution was always found to be very slow. Best results were obtained by 
using the smallest possible amount (7—8 ml./g.) of a mixture (30:70) of chlorobenzene and light 
petroleum (b. D- 50—80°), and doing 23 bulk recrystallisations, followed 12 recrystallisations from 
aqueous alcohol. (—)-trans-2-Methylcyclohexyl (—)-N-menthylphthalamate (III; R = menthyl, R’ = 2- 
Me-cyclohexyl) (Found: N, 3-6. C.,H,,0,N requires N, 3-5%) formed matted fine needles from light 
petroleum, m. p. 171°, [a]}}¥'* — 74-0° (in chloroform, c, 4-7) (10% yield). Hydrolysis of the ester gave 
(—)-trans-2-methylcyclohexanol, b. p. 90°/15 mm., a}? — 35-5° (homogeneous, / = 1) (80% recovery, 
8% overall yield). Gough, Hunter, and Kenyon (loc. cit.) reported aff” — 35-6° (homogeneous). 

(+)-trans-2-Methylcyclohexyl hydrogen on. was also converted into (-+ )-trans-2-methylcyclo- 
hexyl (+-)-neomenthylphthalamate (Found: N, 3-5%), m. p. 145—151°, («]p +18-4° (in chloroform), in 
79% yield, but separation of the diastereoisomeric mixture was also very slow, and was not pursued far. 

Resolution of (+)-2-Butanol.—{ + )-2-Butyl hydrogen phthalate in ether was converted into (= )-2-butyl 
(—)-N-menthylphthalamate, m. p. 110—130°, in 82% yield, and the same ester. was obtained in 90% yield 
from (—)-N-menthylphthalamic acid in ether and (+)-2-butanol by method (B). The mixed ester 
was recrystallised systematically in 3 fractions, 10 times from aqueous alcohol (85%; 3 ml./g.) then 1 
times from light petroleum (b. p. 80—140°; 12 ml./g.), resulting in (— ae (—)-N thylphthalamate 
(III; R = menthyl, R’ = 2:Bu) (Found: N, 4-0. C,,H,,0,N requires N, 4:0%), b. p. 169-5—170°, 
[«]if* — 47-6° (in chloroform, c, 3-5), obtained as small needles in 47% yield. i 

The ester was hydrolysed, the methyl alcohol separated by an efficient column, the residue steam 
distilled, the (—)-2-butanol salted out of the distillate with potassium carbonate, and extracted 
with light petroleum (b. p. 20—40°). Fractionation and redistillation gave a product, b. p. 98—99°, 
af” — 10-88° (homogeneous, / = 1), whence (a]?’ — 13-5°. Pickard and Kenyon (j., 1911, 99, 45) 
recorded [a]?* + 13-87° for (+-)-2-butanol. 

Partial Resolution of (+)-a-Phenylethylamine.—(—)-Menthyl hydrogen phthalate (Pickard and 
Littlebury, J., 1912, 101, 111) was converted into the acid chloride in ether by method (A) and coupled 
with (+ )-«-phenylethylamine a Org. Synth., Coll. Vol. II, 1943, 2. 503) giving (—)-menthyl 
ee ee eee (III; R = a-phenylethyl, R’ = menthyl) (Found: N, 3-5. C,,H,,0,N 
requires N, 3-4%), m. p. 70—100°, [a]? — 70° (in chloroform), in 85% yield. Recrystallisation from 
light petroleum or aqueous methyl alcohol caused slow changes in the physical constants, until, when 
only 10% of the starting material was left, the m. p. appeared to be nearly constant at 127°, [a}}f5" — 51° 
(in chloroform). This material was hydrolysed and the N-a-phenylethylphthalamic acid (IV; R= 
a-phenylethyl) recovered (6-5 g.) was crystallised once from aqueous alcohol to give a sparingly soluble 
fraction (2-7 g.) and a much more soluble fraction (3-6 g.). On refluxing with hydrazine hydrate (Ing and 
Manske, Joc. cit.) for 3 hours, the 2 fractions yielded samples of a-phenylethylamine with on” 
(homogeneous, 1 = 1) +4° and +18° respectively. Ingersoll (Joc. cit., p. 506) gives [a]#” + 39-2° to 
+39-7°. The data of Mann and Watson (J., 1947, 505) suggest that (-+)-N-a-phenylethylphthalamic 
acid is much less soluble than the active forms, as is indicated by the above result. 
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$15. Reactions with Phenanthraquinone, 9-Benzylideneanthrone, and 
9-Methyleneanthrone in Sunlight. 


By AuMED MustaFa and AHMED MEpDHAT ISLAM. 


Photochemical addition of phenanthraquinone to various substances containing an olefinic 
linkage has been carried out. The olefinic compounds include 2 : 3-diphenylbenzfuran (III), in 
which the ethylenic linkage forms a part of a five-membered ring system, and olefins (IIa—lIIc), 
in which one carbon atom of the ethylenic linkage is a member of a five- or a six-membered 
ae oe The photo-products obtained are represented by the formule (IV—VI). 

ol tochemical polymerisation of 9-benzylideneanthrone (IIb) yields the colourless dimer 
(VII). 

The behaviour of benzene solution of 9-methyleneanthrone (IIa) in sunlight in the presence 

of oxygen is described. 


RECENTLY, Schénberg and Mustafa (Chem. Reviews, 1947, 40, 181; J., 1944, 387; 1945, 551; 
1947, 997; 1948, 2126) showed that phenanthraquinone reacted with certain unsaturated 
compounds to form derivatives of phenanthro-1: 4-dioxen. We have now extended this 
reaction to 2-phenylbut-2-ene (Ia), 2-phenyl-1: 1-di-p-phenylylethylene (Ib), 9-benzylidene- 
anthrone (IIb), 9-anisylideneanthrone (IIc), and 2: 3-diphenylbenzfuran (III), thus showing 
that the reaction proceeds, not only when the double bond is in an open-chain system or when 
one of the two carbon atoms is in a ring, but also when the double bond is wholly in a heterocyclic 


ring. _ C:CHR 
ome CHK CH, 7 \—§Pb 
R’ H \ Ph 
(Ia, R = Ph, R’ = R” = Me; (Ila, R = H; (III.) 
Ib, R = R’ = p-C,H,Ph; R” = Ph.) IIb, R = Ph; 
IIc, R = p-C,H,OMe.) 

The photo-products obtained from (Ia and Ib), (IIb and IIc), and (III) have the structures 
(IVa.and IVb), (Va and Vb), and (VI), respectively. All these products are colourless. On 
pyrolysis, phenanthraquinone and the original ethylenic compound were obtained, except that 
(Ia) was not obtained from (IVa), probably because of its thermolability. 


c okt aes CH H Cy | | \ 
4 HR” 14 Klee “eo 14 Ph—-O J 


(IVa, R = Ph, R’ = R” = Me; (Va, R = Ph; (VI.) 
IVb, R = R’ = p-C,H,Ph, R” = Ph.) Ve R = p-C,H,-OMe.) 

When the benzene solution of 9-benzylideneanthrone (IIb) was exposed to sunlight, an almost 
colourless photo-dimer (VII) was formed. The constitution of (VII) is based on the facts that 
(i) it lacks colour, (ii) on being heated at 270°, it regenerates (IIb), and (iii) it has the correct 
molecular weight. The cleavage is in agreement with the proposed four-membered ring system 
(compare the cleavage of the photo-dimer of a-naphthaquinone; Schénberg, Mustafa, and 
Barakat, Nature, 1947, 160, 401; J., 1948, 2126). 

Further examples of the photo-dimerisation of 9-arylidene-anthrone and -xanthen derivatives 
are under investigation. 

Exposure of a benzene solution of methyleneanthrone (IIa) to sunlight in the presence of air 
yielded an almost colourless peroxide (VIII) (compare Schénberg and Mustafa, J., 1945, 657; 
1947, 997), but on long exposure, anthraquinone was obtained. That (VIII) was a peroxide was 
established by the fact that it liberated iodine from potassium iodide solution in acetic acid; 
it formed anthraquinone on ag 


HPh 3.——Cll, 
(oon .H H 
eo 
oH, C,H, 


(VII.) (VIII.) 


EXPERIMENTAL. 


All reactions occurred in solution unless otherwise stated. The benzene was free from toluene (compare 
Schénberg and Mustafa, d:; 1947, 997) and thiophen and had been dried over sodium. The reaction 
mixtures were placed in a Schlenk tube (Schlenk and Thal, Ber., 1913, 46, 2655; Houben, “‘ Die Methoden 
der Organischen Chemie’’, 2nd Edn., Vol. IV, 960) of Pyrex glass, the air displaced by dry carbon dioxide, 
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and the tube sealed. Control experiments in the dark, but otherwise under identical conditions, showed 
no reaction. 

Photo-reactions with Phenanthraquinone.—2-Phenylbut-2-ene (Ia). Phenanthraquinone (1 g.) and 
(Ia) ( es, Ber., 1902, 35, 2633) (2-4 g.) in benzene (30 c.c.) were exposed to sunlight for 
25 days (November—December), the phenanthraquinone gradually dissolving completely and the orange 
colour fading to pale yellow. The benzene was evaporated, and the oily residue was washed with light 
petroleum (b. p. 30—50°); the remaining wed crystals after standing for 48 hours. These were 
washed with cold ethyl alcohol and recrystallised from benzene-ethyl alcohol, forming colourless crystals, 
m. p- 134° (yellow melt) (Found: C, 84-5; H, 5-7. C,,H,,O, requires C, 84-7; H, 59%). 2-Phenyl- 
2 : 3-dimethylphenanthro(9’ : 10’-5 : 6)dioxen (IVa) gave no colour with sulphuric acid at room 
temperature, but an olive-green colour at 100°; it was soluble in benzene and difficultly soluble in cold 
ethyl alcohol. When it was heated at 270° (bath temp.) in a stream of dry carbon dioxide (the height of 
the decomposition tube being about 25 cm.) during 4 hour, red-brown fumes were evolved, and an 
orange liquid collected on the walls of the tube. After 24 hours, this liquid solidified to orange crystals, 
proved to be phenanthraquinone (identified, after recrystallisation from alcohol, by m. p. and mixed 
m. p., and colour reaction with sulphuric acid). 

2-Phenyl-1 : 1-di-p-diphenylylethylene (Ib).—Phenanthraquinone (1 g.) and the ethylene (Ib) (Pfeiffer 
and Schneider, J. pr. Chem., 1931, 129, 129) (1-6 g.) were exposed to sunlight for 18 days (January). 
The benzene was evaporated in a vacuum, and the oily residue solidified on being rubbed with cold light 
petroleum (b. p. 50—70°). The solid was washed with cold ether and crystallised from benzene-light 
seen (bP. 50—70°), forming almost colourless crystals, m. Pp. 234° (orange melt) (Found : C, 89-3; 

, 5-0. C,.H;,0, requires, C, 89-6; H, 5-2%). 3-Phenyl-2 : 2-di-p-phenylylphenanthro(9’ : 10’-5 : 6)- 
dioxen (IVb), when treated at room — with sulphuric acid, gave a violet colour changing to 
olive-green at 100°; it was soluble in hot benzene, but difficultly soluble in cold ethyl alcohol. 

The thermal decomposition of the product was carried out for } hour at about 300° (bath temp.) as 
described above. An orange liquid collected on the walls of the tube and after 24 hours solidified to a 
mixture of orange and almost colourless crystals; extraction with hot light petroleum (b. p. 100—150°) 
left a residue of phenanthraquinone (identified by m. p. and mixed m. p.). The extract was concentrated, 
and the resulting crystals recrystallised from benzene, proved to be 2-phenyl-1 : 1-di-p-phenylylethylene 
(Ib) (m. p. and mixed m. p.). 

9-Benzylideneanthrone (IIb). Phenanthraquinone (1 g.) and (IIb) (Cook, J., 1926, 2160) (1-4 g.) in 
benzene (30 c.c.) were exposed to sunlight for 3 months aa hm the phenanthraquinone dissolving 
as before and the orange colour of the solution fading to pale yellow. The benzene was evaporated off in 
a vacuum, and the residual dark oil was washed with light Fema mo (b. p. 30—50°) and cold ethyl 
alcohol. The solidified mass was filtered off and crystallised from benzene, forming colourless crystals, 
m. R. 248° (red melt) (Found: C, 85-5; H, 4-4. C,;H,,O, requires C, 85-7; H, 45%). The product 
(as Va) gave d deep red colour with sulphuric acid at room temperature; it was difficaltly soluble in 
ethyl alcohol, but soluble in hot benzene; when heated as described above, it yielded its generators, which 
were separated by means of hot light petroleum (b. p. 50—60°), in which 9-benzylideneanthrone is soluble. 

9-A nisylideneanthrone (IIc). enanthraquinone (1 g.) and (IIc) (Padova, Compt. rend. Accad. Sci., 
1905, 141, 857) (1-3 g.) in benzene (50 c.c.) were ex to sunlight for two months (April-June), the 
menses we greg gradually dissolving completely. The crystals that —— were filtered off, and 
recrystalli from benzene-light petroleum (b. p. 30—50°), forming colourless crystals, m. p. 264° 
(brown melt) (Found: C, 82-8; H, 4-6. Coal sO, requires C, 83-1; H, 4-6%). The product (as Vb) 
gave a reddish-brown colour with sulphuric acid at room temperature; it was difficultly soluble in cold 
ether or ethyl alcohol, but soluble in hot benzene and toluene; when heated as described above, it yielded 
its generators, separated as before. From the mother-liquor, more of the photo-product (Vb) was obtained. 

2 : 3-Diphenylbenzfuran (III). a (1 g.) and (III) (Arventi, Bull. Soc. chim., 1936, 
3, 598) (1-4 g.) in benzene (30 c.c.), exposed for 20 days (January), behaved as above. The benzene was 
evaporated off in a vacuum, and the residual oil extracted several times with hot light petroleum 
(b. p. 30—50°); on concentration, the extract gave almost colourless crystals; recrystallised from 
benzene—methy] alcohol, these had m. p. 152° (brown melt) (Found : C, 85-1; H, 4:5. C,,H,,O, requires 
C, 85-4; H, 46%). The product (VI) gave no colour with sulphuric acid at room temperature, but a 
brown colour at 100°; when heated as described above, it yielded its generators, which were separated by 
means of hot light petroleum (b. p. 70—80°) in which (III) is soluble. 

Action of Sunlight on 9-Benzylideneanthrone (I1b).—A solution of (IIb) (Cook, Joc. cit.) (1 g.) in benzene 
(30 c.c.) was exposed to sunlight for 7 days(June). The crystals that separated were filtered off, washed 
with light petroleum (b. p. 30—50°), and crystallised from benzene, forming almost colourless crystals, 
m. p. 225—226° (yellow melt) (Found: C, 89-1; H, 4-7; M (micro-Rast), 548. C,,H,,O, requires C, 
89-4; H, 4:9%; M, 564). The product (VII) — a deep-red colour with sulphuric acid, ‘and was soluble 
in hot benzene or xylene, and difficultly soluble in ethyl alcohol. When heated at 270° (bath temp.), 
it afforded (IIb) (m. p. and mixed m. p.). . 

Action of Oxygen on Methyleneanthrone (Ila) in Sunlight.—Methyleneanthrone (Clar, Ber., 1936, 69, 

1687) (1 g.) in benzene (25 c.c.) was exposed to sunlight for ten days (September) in presence of air. The 
almost colourless crystals that separated were recrystallised from benzene-light petroleum (b. p. 30—50°); 
m. p. 200° (decomp. ; dark melt) (Found : C, 80-8; H, 4-4. C,,H,,O, requires C, 81-1; H, 45%). The 
product (VIII) =~ a yellow-brown colour with sulphuric acid; it was soluble in hot toluene, but 
difficultly soluble in ethyl alcohol. Thermal decomposition for 4 hour at 300° (bath temp.) afforded 
anthraquinone (m. p. and mixed m. p.) as a pale yellow sublimate. 

When the exposure to sunlight was extended to 20 days, the pale yellow crystals that ted, 
recrystallised from xylene, had m. p. 277° and were anthraquinone (m. p. and mixed m. p.) (Found : 
C, 80-7; H, 3-6. Calc. for C,,H,O,: C, 80-8; H, 38%). 


Fovap I University, Facutty or SCIENCE, 
AssBassia-Cairo, Ecypr. (Received, May 27th, 1948.] 
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$16. Reactions in Sunlight of (a) Phenanthraquinone, Retenequinone, 
and Chrysenequinone with LEthylenes; (b) Retenequinone and 
Chrysenequinone with Aromatic Aldehydes; and (c) 0-Formylbenzoic 
Acid with isoPropyl Alcohol. 


By AHMED MusTAFA. 


(a) Phenanthraquinone reacts in sunlight with the unsaturated compounds (Ia—Ic, IIc, 
III, and IV) to give the photo-products (VIIa—VIlIc, VIII, IX, and X, respectively) ; similarly, 
retenequinone reacts with (V) and (VI) forming (XIa) and (XIb), respectively, and the photo- 
product obtained from chrysenequinone and triphenylethylene has the structure (XII). 

(b) The photo-reaction between retenequinone and anisaldehyde to give (XIII), and that 
between chrysenequinone and benzaldehyde or anisaldehyde, giving (XIVa) and (XIVb), is 
described. 

(c) A solution of o-formylbenzoic acid in isopropyl alcohol, on exposure to sunlight, gave 
(XVI). 


(a) In continuation of previous work (Schénberg and Mustafa, Chem. Reviews, 1947, 40, 181; 
J., 1944, 387; 1945, 551; 1947, 997; 1948, 2126), the action of phenanthraquinone on 2-phenyl- 
pent-2-ene (Ia), 1: 1-diphenylbut-l-ene (Ib), benzylidenedeoxybenzoin (Ic), benzylidene-1 : 2- 
benzoxanthen (IIc), benzylidene-2 : 3-7 : 8-dibenzoxanthen (III), and 1 : 3-diphenylisobenzfuran 
(IV), of retenequinone on 9-benzylidenexanthen (V) and methyleneanthrone (VI), and of 
chrysenequinone on triphenylethylene was investigated. The two new compounds (IIc) and 
(III) were prepared by the action of benzylmagnesium chloride on the corresponding xanthone 
derivative, followed by hydrolysis and dehydration of the resulting carbinol (e.g., IIb). So far, 
photo-addition reaction of this type has been carried out with phenanthraquinone, retenequinone, 
and benzil (Schénberg and Mustafa, Joc. cit.), but it has now been extended to chrysenequinone. 


R Se of “7” 

R’ H 
(Ia, R = Ph, R’ = Me, R” = Et; 
Ib, R = R’ = Ph, R” = Et; 
Ic, R = R” = Ph, R’ = COPh.) 


0 9 0 H,Ph 0 conn 
4 S O \ V4 \ 
OQ OW > 
(IIa.) (IIb.) (Ilc.) 
CHPh CHPh CH, 


y bas ger sa, Poe 


(III.) (IV.) (V.) (VI.) 


The products from (Ia), (Ib), and (Ic) are, respectively, 2-phenyl-2-methyl-3-ethyl- (VIIa), 
2 : 2-diphenyl-3-ethyl- (VIIb), and 3-benzoyl-2 : 3-diphenyl-phenanthro-9’ : 10’-5 : 6-dioxen (VIIc); 
those from (IIc), (III), and (IV) have the structures (VIII), (IX), and (X) respectively. The 
photo-products obtained from retenequinone and (V) and (VI) are assigned the structures (XIa) 
and (XIb), and that obtained from chrysenequinone and triphenylethylene is of the type (XII). 
These constitutions are based on the facts that the products are colourless or almost colourless, 
in contrast with the deep colour of the original quinones, and that heating decomposes the 
products into their generators. 

To the list of ethylenes which showed the scope of the photo-reaction (Schénberg and 
Mustafa, loc. cit.), therefore, we now add the 16 ethylenes mentioned above. Phenanthraquinone 
teacts with all the 17 substances, retenequinone with methyleneanthrone and 9-benzylidene- 
xanthen, and chrysenequinone with triphenylethylene, 

F2 





S 84 Mustafa: 


(6) Schénberg and Mustafa (J., 1947, loc. cit.) described a number of photo-reactions between 
phenanthraquinone and aromatic aldehydes. A similar reaction has been carried out with 
retenequinone and anisaldehyde, and with chrysenequinone and benzaldehyde or anisaldehyde, 
affording the p-methoxyphenylhydroxymethylene ether of 9: 10-dihydroxyretene (XIII), and the 
phenylhydroxymethylene and p-methoxyphenylhydroxymethylene ethers of 1 : 2-dihydroxychrysene 


(XIVa@ and dD). 
RR’ 
C,,H 
HR” 


(VIIa, R = Ph, R’ = Me, R” = Et; 
VIIb, R = R’ = Ph, R” = Et; 
VIIc, R = R” = Ph, R’ = COPh.) 


HPh HPh 
4 4 
C,H C,H 


a / 
C,,H ‘oa, C,H ‘eH, 
he \’ 
(VIII.) (IX.) 
CHMe, O—CPh, 
| 7 L 7 HPh 
\ 
CB I 4 a4 HR 'd 
ee \ ore: VYYS 
. | pMe CoH Pal K y, 
_ (%) (XIa, R = Ph,A =O; (XII.) 


XIb, R= H, A=CO) 


. R-OH 
, sunligh 4 \ 

OY ae oH,OMe(p) C,,H,,0, + R-CHO —® | © 
Ko sae Ge 
\ 

| ou WF 


(XIII.) (XIVa, R = Ph; XIVb, R = p-C,H,-OMe.) 


CPh——CPh SE | 
cal : ‘oH, ‘4 a »* rf YS 
i WN\e4Ne/\ 


(XV.) (XVI.) 


(c) Limaye (J. Univ. Bombay, 1932, 1, Pt. 2, 52) found that when an alcoholic solution of 
o-benzoylbenzoic acid is exposed to direct sunlight in a sealed glass tube, the dilactone 
of 1: 2-diphenyl-1 : 2-di-o-carboxyphenylethane-1 : 2-diol (XV) isobtained. It is now found that 
6-formylbenzoic acid in isopropyl alcohol similarly affords diphthalidyl (XVI). 


EXPERIMENTAL. 


All substances were in solution unless otherwise stated. The benzene was free from toluene (cf. 
Schénberg and Mustafa, 1947, Joc. cit.) and thiophen-free and had been dried over sodium. The reaction 
mixtures were placed in a Schlenk tube (Schlenk and Thal, Ber., 1913, 46, 2655; see Houben, “ Die 
Methoden der Organischen Chemie ”’, 2nd Edition, Vol. IV, p. 960) of Pyrex glass, and the air was then 
displaced by dry carbon dioxide and the tube sealed. 

Control experiments in the dark, but otherwise under identical conditions, showed no reaction. 

Photo-veactions with Phenanthraguinone.—{a) 2-Phenylpent-2-ene (Ia). Phenanthraquinone (1 g.) and 
the ethylene (Ia) (Klages, Ber., 1902, 35; 2633) (prepared by Ahmed Mohamed Gad) (2-1 g.) in 
25 c.c. of benzene were exposed to sunlight for 20 days (November—December), the phenanthraquinone 


gradually dissolving and the orange colour fading to pale yellow. The benzene was evaporated off in a 
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vacuum and the residual dark oil was extracted several times with light-petroleum (b. p. 30—50°); the 
extract on slow evaporation gave colourless , which, recrystallised from benzene-ethyl alcohol, 
had m. p. 142° (yellow melt) (Found : C, 84-6; H, 6-0. C,,H,,O, requires C, 84-8; H,6-2%). 2-Phenyl- 
2-methyl-3-ethylphenanthro-9’ : 10’-5 : 6-dioxen (VIIa) gave no colour with sulphuric acid at room 
temperature, but an olive-green colour at 100°; it was soluble in benzene, but difficultly soluble in ethyl 
alcohol. 

This product was heated at 270° (bath temp.) in a stream of dry carbon dioxide (the height of the 

decomposition tube being about 25 cm.) during heed red-brown fumes were evolved, and an orange 
liquid collected on the walls of the tube. After 24 hours, this solidified to orange pe Ga lao to be 
phenanthraquinone (identified after recrystallisation from ethyl alcohol, m. p. and mixed m. p., and 
colour reaction with sulphuric acid). 
. (b) 1: 1-Diphenylbut-l-ene (Ib). Phenanthraquinone (1 g.) and (Ib) (Sabatier and Murat, Compt. 
vend., 1913, 156, 1434) (1-7 g.) in 30 c.c. of benzene were exposed to —— for 21 days (November), 
the phenanthraquinone dissolving and the colour changing as before. Working up and recrystallisation 
as in (a) afforded almost colourless crystals, m. p. 164—165° (yellow melt, changing to orange at 180°) 
(Found: C, 86-3; H, 5-5. C,)H,,O, requires C, 86-5; H, 5:7%). 2: 2-Diphenyl-3-ethylphenanthro- 
9’ : 10’-5 : 6-dioxen (VIIb) gave an olive-green colour with sulphuric acid at 100°; it was soluble in hot 
benzene, but difficultly soluble in light petroleum (b. p. 70—80°) and cold ethyl alcohol. The thermal 
decomposition was carried out as described above, and phenan uinone obtained. 

(c) Benzylidenedeoxybenzoin (Ic). winery sigan yviw A (1 g.) and (Ic) (Knoevenagel and Weissgerber, 
Ber., 1893, 26, 442) (1-1 g.) were exposed to sunlight for 8 months (April—November), the solution 
becoming brownish-yellow. The crystals that separated were filtered off, washed with hot ethyl alcohol, 
then with cold ether and finally with light petroleum (b. p. 70—80°) and recrystallised from benzene— 
light petroleum (b. p. 30—50°), forming almost colourless crystals, m. p. 233° (brown-red melt) (Found : 
C, 85:3; H, 4-7. C,,H,,O, requires C, 85-4; H, 49%). 3-Benzoyl-2 : 3-diphenylphenanthro-9 : 10’- 
5 : 6-dioxen (VIIc) gave a brown colour with sulphuric acid. When heated as described above, it yielded 
its generators, which were separated by means of hot light petroleum (b. p. 70—80°) in which (Ic) is 
soluble; (VIIc) was soluble in hot benzene, but difficultly soluble in ether and ethyl alcohol. 

(d) Benzylidene-1 : 2-benzoxanthen (IIc). To a Grignard solution of benzylmagnesium chloride 
[prepared from magnesium (0-8 g.), benzyl chloride (5-5 g.), and ether (50 c.c.)], dry benzene (30 c.c.) was 
added, and the mixture treated gradually with powdered 1 : 2-benzoxanthone (IIa) (Graebe and Feer, 
Ber., 1886, 19, 2612; Kostanecki, Ber., 1892, 25, 1643) (5 g.). The mixture was refluxed for 2 hours, set 
aside overnight, poured into ice-cold dilute hydrochloric acid, extracted with ether, and the extract 
dried and evaporated. The residue, on being washed with light petroleum (b. p. 30—50°), formed a 
solid mass which was crystallised from benzene-light petroleum (b. p. 30—50°), forming colourless 
crystals, m. p. 155° (Found: C, 85-0; H, 5-1. C,,H,,0, requires C, 86-2; H, 5-3%). enzyl-1 : 2- 
benzoxanthhydrol (IIb) is easily soluble in benzene but dificultl soluble in light petroleum (b. p. 5|0—70°) 
and gives an orange-red colour with sulphuric acid. The carbinol (IIb) (1 g.) was refluxed with glacial 
acetic acid (15 c.c.) for 2 hours, then poured into ice-water. The solid that separated was filtered off, 
washed with water, and crystallised from benzene-light petroleum (b. p. 50—70°), forming almost 
colourless crystals, m. p. 140° (Found: C, 89-8; H, 49. C,H,,O requires C, 90-0; H, 50%). 
Benzylidene-1 : 2-benzoxanthen (IIc) gave a yellow colour with bluish-green fluorescence with sulphuric 
acid, and was readily soluble in hot benzene, but difficultly soluble in light petroleum (b. p. 60—70°) and 
cold ethyl alcohol. 

Phenanthraquinone (1 g.) and (IIc) (1-4 g.) in benzene (50 c.c.) were exposed to sunlight for 2 months 
(January—March), the phenanthraquinone gradually dissolving completely. The resulting 
were filtered off, and crystallised from benzene-alcohol, forming colourless crystals, m. p. 250° (orange 
melt) (Found: C, 86-2; H, 4-4. C,,H,,O, requires C, 86-4; H, 45%). The product (VIII) gave an 
olive-green colour with sulphuric acid at room temperature; it was difficultly soluble in ethyl alcohol, 
and soluble in hot benzene. When heated for } hour at about 330° (bath temp.) as descri above, it 
yielded its ——- which were separated as before. 

From the original mother-liquor, further amounts of the photo-product (VIII) were obtained by 
evaporation, and purification of the resulting oil. 

(e) Benzylidene-2 : 3-7 : 8-dibenzoxanthen (III). The xanthone (Strohbach, Ber., 1901, 84, 4144) 
(5 g.) was treated with an ethereal solution of benzylmagnesium chloride ret as above) in the 
presence of dry benzene (40 c.c.) and refluxed for 2 hours. The mixture was left overnight, decomposed 
with ice-cold dilute hydrochloric acid, extracted with ether, dried (Na,SO,), and evaporated. The 
oily residue solidified when washed with cold ethyl alcohol and crystallised from benzene-light petroleum 
(b. p. 30—50°) in colourless crystals, m. p. 220° (Found: C, 86-6; H, 4-9. CygH 0, requires C, 86-8; 
H, 51%). Benzyl-2:: 3-7: &-dibensosanthiydrol (gave a violet-red colour with sulphuric acid, and 
was soluble in hot benzene and xylene, but difficultly soluble in ethyl alcohol. This carbinol (1 g.) was 
dehydrated as described for (I1b) and recrystallised from benzene-light petroleum (b. p. 50—70) 
forming almost colourless crystals, m. p. 178° (Found: C, 90-6; H, 4-7. C,,H,,O requires C, 90-8; 
H, 49%). Benzylidene-2 : 3-7 : 8-dibenzoxanthen (III) gave a brown-red colour with sulphuric. acid, and 
was easily soluble in benzene but difficultly soluble in ethyl alcohol. 

Phenanthraquinone (1 g.) and (III) (1-5 g.) in benzene (50 c.c.) were exposed to sunlight for 2 months 
(April, May), the phenan uinone ‘fore dissolving completely. The crystals that separated were 
filtered off, washed with ethyl alcohol, and crystallised from xylene, forming almost colourless crystals, 
m. P. 260° (orange melt) (Found: C, 87-0; H, 44. C,,H,,O, requires C, 87-2; H, 45%). The product 
(as IX) gave an olive-green colour with sulphuric acid at room tem ture; it was difficultly soluble in 
ethyl alcohol, but soluble in hot benzene. On thermal decomposition for 4 hour at about 330° (bath 
a as described above, it decomposed into its generators, which were separated by means of hot ethyl 
alcohol, in which (III) is insoluble. 

(f) 1: a sy lisobenzfuran (IV). Phenanthraquinone (1 g.) and (IV) (Guyot and Catel, Bull. Soc. 
chim., 1906, 35, 1127) (1-4 g.) were exposed to sunlight for 17 days (January), the usual changes 
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occurring. The benzene was evaporated, and the oily residue was extracted several times with light 
petroleum (b. p. 30—50°); the extract, on concentration, gave almost colourless c which were 
recrystallised m xylene, m. fs 220° (orange melt; decomp.) (Found: C, 85-2; H, 45. C,,H,,0, 
requires C, 85-4; H, 46%). e product (as X) gave an olive-green colour with sulphuric acid at room 
temperature; it was soluble in hot benzene or hot xylene, but difficultly soluble in ethyl alcohol. When 
heated as described above, it yielded its generators, which were separated by means of hot light 
petroleum (b. p. 50—60°), in which (IV) is soluble. 

Photo-reactions with Retenequinone.—9-Benzylidenexanthen (V). Retenequinone (1 g.) and (V) 
(Decker, Ber., 1905, 38, 2493) (1-3 g.) in benzene (50 c.c.) were exposed to sunlight for 2 months (May— 
July), the retenequinone gradually dissolving completely. The benzene was evaporated off in a vacuum, 
and the residual dark oil was washed with hot light petroleum (b. p. 30—50°), followed by hot ethyl 
alcohol. Both washings on evaporation gave colourless crystals; r i from benzene, m. p, 
170—171° (red-brown melt) (Found: C, 85-5; H, 5:3. C,,H,,O, requires C, 85-4; H, 56%). The 

oduct (as XIa), when treated with sulphuric acid, — an olive-green colour; it was soluble in hot 

mzene and ligroin (b. p. 100—150°). At 270° (bath temp.), it decomposed into retenequinone 
(identified, after crystallisation from chloroform—ethy] alcohol, by mixed m. p. and colour reaction with 
a acid) and 9-benzylidenexanthen (V) (recrystallised from ethyl alcohol and identified by m. p. 
and mixed m. p.). 

Methyleneanthrone (VI). Retenequinone (1 g.) and methyleneanthrone (VI) (Clar, Ber., 1936, 69, 
1687) (1 g.) in 25 c.c. of benzene were exposed to sunlight for 13 days (May); the retenequinone dissolved, 
and the resulting crystals were filtered off and washed with cold benzene; they were recrystallised from 
chloroform-light petroleum (b. p. 30—50°), forming almost colourless crystals, m. p. 190° (red melt) 
(Found: C, 84-1; H, 5-4. C,,H,,O, requires C, 84-3; H, 5-5%). The product (as XIb) gave a reddish- 
brown colour with sulphuric acid; it was difficultly soluble in hot ethyl alcohol, but soluble in hot 
benzene. When heated as described above, it yielded its generators, separated by hot light petroleum 
(b. p. 80—90°) in which (V1) is soluble. 

Photo-veaction between 1: 2-Chrysenequinone and Triphenylethylene-—The quinone (1 g.) and the 
ethylene (2-4 g.) in benzene (25 c.c.) were exposed to sunlight for 20 days (December), the quinone 
gradually dissolving, and the colour of the solution fading to pale yellow. The crystals that separated 
were filtered off, washed several times with hot ethyl alcohol, and recrystallised from benzene, forming 
almost colourless crystals, m. p. 248° (yellow melt; changing to red at 270°) (Found: C, 88-4; H, 4-9. 
C,,H,,O, requires C, 88-7; H,5-1%). 2:2:3-Triphenylchryseno-(1’ : 2’-5 : 6)-dioxen (XII) gave no colour 
with sulphuric acid at room temperature, but a violet-blue colour at 100°. When heated as described 
above at 300° (bath temp.), it yielded chrysenequinone (identified after crystallisation from xylene by 
Mm. Pe and mixed m. p. and colour reaction with sulphuric acid) and triphenylethylene (m. p. and mixed 
m. p.), which were separated by means of light petroleum (b. p. 50—60°), in which the latter is soluble. 
The original benzene mother-liquor on evaporation formed an oil from which more (XII) was obtained. 

Photochemical Reaction between Retenequinone and Anitsaldehyde.—The quinone (1 g.) and aldehyde 
(0-7 g.) in benzene (30 c.c.) were exposed to sunlight for 13 days (May). The colourless crystals that 
separated were washed with small amounts of cold benzene and crystallised from benzene-light petroleum 
(b. p. 30—50°), forming almost colourless crystals, m. p. 170° (Found: C, 77-9; H, 6-0. C,,H,,0, 
requires C, 78-0; H, 6-0%). The p-methoxyphenylhydroxymethylene ether of 9: 10-dihydroxyretene 
(XIII) was difficultly soluble in cold benzene or ethyl] alcohol, but soluble in hot benzene and xylene; it 
gave an olive-green colour with sulphuric acid. 

Photochemical Reaction between a and Avomatic Aldehydes.—{i) Benzaldehyde. The 
quinone (1 g.) and aldehyde (0-9 g.) in benzene (20 c.c.) were exposed to sunlight for 3 months (July— 
September), the quinone gradually dissolving. The benzene was concentrated and cooled; the 
— deposit obtained was filtered off, washed with ethyl alcohol, and crystallised from benzene- 

yl alcohol, forming almost colourless crystals, m. p. 210—211° (red-brown melt) (Found: C, 83-2; 
ad, 4:1. C,,;H,,0, requires C, 83-3; H, 42%). The ee ether of 1 : 2-dihydroxy- 
chrysene (X1Va) was soluble in benzene, but difficultly soluble in ethyl alcohol; it gave a blue-violet 
colour when treated with sulphuric acid, at 100°. 

(ii) Anisaldehyde. The quinone (1 g.) and aldehyde (0-7 g.) in benzene (30 c.c.) were e to 
sunlight for one month (July, August). The colourless crystals that separated were filtered off, washed 
several times with cold acetone, and recrystallised from benzene, forming almost colourless crystals, 
m. p. 224° (red melt) (Found: C, 78-9; H, 4-5. C,.H,,0, —— C, 79-1; H, 46%). The p-methoxy- 
phenylmethylene ether of 1 : 2-dihydroxychrysene (XIV) was difficultly soluble in acetone, but soluble in 

ot benzene; it gave a violet-blue colour with sulphuric acid at 100°. 

Photochemical Action of isoPropyl Alcohol on 0-F. rn Acid in Sunlight.—A solution of the acid 
(Org. Synth., 1936, 16, 68) (1 g.) in tsopropyl alcohol (10 c.c.) was e to sunlight for 44 days 
(October, November). The crystals that separated were filtered off, ed with light petroleum (b. p. 
30—50°), and crystallised from benzene, forming colourless crystals, m. p= 257° (Found: C, 72-2; H, 
3-6; M (micro-Rast), 256. Calc. for C,,H,,0,: C, 72:2; H, 3-8%; M, 266], identified as diphthalidyl 
(XVI) (m. p. and mixed m. p.) (Graebe and Juillard, Annalen, 1887, 242, 222, gave m. p. 257°). 


Fovap I University, Facutty oF SCIENCE, 
Assassia-Catro, Ecyprt. [Received, June 16th, 1948.) 
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S17. The Component Glycerides of Bacury (Platonia insignis, Mart.) 
Seed Fat. 


By T. P. Hivpitcu and S. P. Patuak. 


The seed fat of Platonia insignis (Bacury fat) is a yellowish solid which becomes completel 
liquid at 51—52-5°. Its chief component acids are palmitic (55%) and oleic (32%) acids, with 
smaller proportions of stearic (6%) and hexadecenoic (3% ) acids and probably traces of myristic, 
arachidic, and linoleic acids. In spite of a total molar content of 35% of unsaturated acids the 
fat contains over 20% of trisaturated glycerides (largely tripalmitin), and in this —— (as 
previously noted by Chaves and Pechnik) stands apart from the majority of seed fats. A 
possible explanation of this seeming anomaly is suggested. 


CHAVES AND PECHNIK (Rev. Quim. Ind., 1945, 4, No. 163; 1946, 15, No. 165) determined the 
composition of Bacury fat, the seed fat of Platonia insignis, Mart., a member of the Guttiferae 
family, and found that, whilst its fatty acids were composed of approximately 56% saturated 
(palmitic and stearic), 39% oleic, and 4% linoleic acids, it contained about 24% of trisaturated 
glycerides. They drew attention to the unusually high melting point (54—56°) of the fat and to 
the large proportion of trisaturated glycerides in it, a feature which indicated a considerable 
departure from the normal, since other seed fats with a similar content of unsaturated acids have 
been found almost always to contain only insignificant proportions of trisaturated glycerides. 
Dr. Chaves communicated these results to us and subsequently very kindly placed at our disposal 
a small specimen of the fat which, in view of its somewhat unusual glyceride structure, we have 
been glad to examine in our laboratory. It may be said at once that, although our results 
differ in some details from those of the Brazilian workers, we can fully confirm the presence in 
Bacury fat of the unusually large proportions of trisaturated glycerides reported by these 
authors. 

The free fatty acid (about 5%) in the crude yellowish Bacury fat was removed (together with 
some resinous material of high iodine value) and the neutral fat was resolved into three groups by 
systematic crystallisation from ether at temperatures between 20° and — 20° (cf. Experimental). 
The component acids in each group (and, therefrom, in the whole fat) were determined by 
ester-fractionation. The material available was only sufficient for these analyses and we were 
therefore unable to determine the proportion of trisaturated glycerides present in them by the 
method of Hilditch and Lea (J., 1927, 3106). The most insoluble group (A), however, consisted 
almost wholly of fully-saturated material; but our experience with separated glycerides of 
similar mean unsaturation to that of the intermediate group (B) (iodine value 30-8) leads us to 
believe that the latter may have contained small proportions (perhaps up to 10%) of trisaturated 
glycerides. 

The component acids of the whole fat, from the results of these determinations, were 
approximately as follows: myristic 1, palmitic 55, stearic 6-5, arachidic 0-5, hexadecenoic 3, 
oleic 32, and linoleic 2% (by wt.). Chaves and Pechnik (loc. cit.) observed 56% of saturated 
and 43% of unsaturated acids, the somewhat higher content of the latter possibly being due to 
the presence of traces of the resin (iodine value ca. 195) which was removed to a greater degree 
(although probably not completely) in the course of our present work. These authors based 
their estimate of approximately equal proportions of palmitic and stearic acids upon an 
observation of the melting point of the saturated acids, but our ester-fractionation data (Tables 
III, IV) leave no doubt that by far the greater part of the saturated components consists of 
palmitic acid. These data, moreover (cf., especially Table III, fractions Bl—4), indicate the 
presence of definitely more hexadecenoic acid than is usually encountered in seed fats. 

Component Glycerides of Bacury Fat.—The component fatty acid data shown in Table V 
(Experimental, p. S90) are consistent with the presence of component glycerides in the 
proportions shown in Table I. " 

If group B of the glycerides contained as much as 10% of trisaturated material, the above 
figures would be altered to trisaturated 23, monounsaturated disaturated 48, and diunsaturated 
monosaturated 29% (mol.). 

We therefore agree with Chaves and Pechnik that Bacury fat contains somewhat more than 
20% of trisaturated glycerides. Since more than 75% of the trisaturated glycerides consist of 
the simple triglyceride tripalmitin (m. p. 65-5°) and since the “‘ melting point ” of a natural fat 
is not a true melting point, but merely the temperature at which the component of highest 
melting point passes into solution in the remainder of the mixture of mixed glycerides (already in 
the liquid phase), we suggest that the unusually high “‘ melting point ’”’ of this fat may be 
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explained by its specific composition, and especially the presence in the whole fat of about 15% 
of the simple glyceride tripalmitin. 


TaBLeE I. 
Component glycerides (approximate) of Bacury seed fat. 
Glyceride groups, A. B. Cc. Whole fat. 
% (mol.). 21-1 35-8 43-1 
(Increments % mol.). % (mol.). 
Trisaturated (19-5%) : 
Myristodipalmitin ..........sssssecessseseeseeeeeeeees 3-5 _— _ 3-5 
IEE Shnekadicnsccecsasssdandeshvessdeusetcigguees 14-7 ee — 14-7 
IOUONETI, a ciccecccctsscscccnsesccsseccsccsccs 1-3 —_ _— 13 
Monounsaturated disaturated (55-0%) : 
Hexadecenodipalmitin ..........:.sesecseseeeeseeees 1-4 5-3 _ 6-7 
CIEL | A ccunisdancktgankioigehsicbesteseonanse 0-2 20-5 10-2 30-9 
Oleopalmitostearin.............cccccccscccsccccccscees _ 8-2 9-2 17-4 
Diunsaturated monosaturated (25-5%) : 
Palmitohexadeceno-olein ............:.seeeeeeseeees — 1-8 1-4 3-2 
OE sks iaesindccatiecs ssa scsecscccanesat — == 15-8 15-8 
Palmito-oleolinolein ...........cccessccccscscceceeses oo a 6-5 6-5 


In the great majority of seed fats, fully saturated triglycerides do not occur in significant 
proportions unless the unsaturated acid content is below that (about 35%) necessary to permit of 
each mixed triglyceride molecule containing one unsaturated acyl group. The case of Bacury 
fat is only the third outstanding exception yet observed to this generalisation, which has come to 
be referred to as the “ rule of even (or widest) distribution ” of acyl groups amongst the glycerol 
molecules of a fat: the other two exceptions (Collin and Hilditch, Biochem. J., 1929, 28, 1273) 
are those of the seed fats of Laurus nobilis (with 51% of unsaturated acids and 40% of 
trisaturated glycerides) and of Myristica malabarica (with 48% of oleic acid and 16—19% of 
trisaturated glycerides). The last-mentioned fat is peculiar in other respects, e.g., it apparently 
contains resin acids as well as fatty acids in combination as mixed glycerides (Collin, J. Soc. Chem. 
Ind., 1933, 52, 100r). In laurel-kernel fat (Collin, Biochem. J., 1931, 25, 95) the 40% of 
trisaturated glycerides have been shown to consist very largely of trilaurin and to account for at 
least 75% of the lauric acid present in the total acids of the fat (lauric 43, palmitic 6, oleic 32, 
linoleic 19%); moreover, the residual lauric acid and the remaining fatty acids are constituted 
on the usual “ mixed ”’ lines and, for example, contain little or no triunsaturated glycerides. 
This led Collin to suggest that the lauric acid may occur in different parts of the seed, or be 
predominantly synthesised at a different stage, from the remainder of the seed fatty acids in 
Laurus nobilis. 

The case of Bacury fat may be compared with that of other seed fats similarly rich in palmitic 
as well as in oleic acid, when it will be seen (Table II) that the content of trisaturated glycerides 
is sometimes negligible and in other instances appreciable, but not so great as in Bacury fat. 


TaBLeE II. 
Trisaturated glyceride contents ns seed fats rich in palmitic acid. 
yristlo. "Balmitic. antes (% % by wt.).] Trisaturated 
tearic. Unsaturated. glycerides. 
Madhuca butyracea * (seed fat)...........000« — 56 4 40 8 
Platonia insignis (seed fat) ............s+0++. 1 55 7 37 20 
Caryocar villosum ® (seed fat) .........-+++0+ 1 49 1 49 2 
Cameroons palm oil® (fruit coat)............ 1 47 + 48 8 


2 Bushell and Hilditch, J. Soc. —. ay 1938, 57, 48. 
* Hilditch and Rigg, ibid., 1935, 54, 1 
* Hilditch and Maddison, ‘bid., 1940, 38, 67. 


The erratic departure, indicated in Table II in varying degrees, from the generalisation 
closely followed in the great majority of seed and fruit coat fats, in which trisaturated glycerides 
are not encountered in appreciable amounts unless their content of oleic (or other unsaturated) 
acid is insufficient to provide one acyl group in each triglyceride molecule, is perhaps more 
apparent than real. The fat extracted from a seed represents the total quantity of lipid present 
in the endosperm and/or embryo at maturity, and its observed composition cannot take account 
either of different types of fat possibly present in different parts of the seed-tissue or of the 
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component acids being possibly synthesised in different proportions at different stages of 
development of the fruit. If, for example, in Bacury fat much more palmitic than oleic acid 
should be synthesised and assembled into triglycerides at certain stages of development, the 
observed, apparently abnormal, proportions of trisaturated glycerides in the total fat finally 
produced would be readily accounted for, in the manner suggested by Collin (loc. cit.) in the 
analogous instance of the unexpectedly high trilaurin content of laurel-kernel oil. 


EXPERIMENTAL. 


The crude Bacury seed fat was a yellow-coloured solid at the ordinary temperature with an acid value 
of 11-1 (corresponding to 5-3% of free fatty acid at the mean equivalent (267-6) of the total acids in the 
fat); it became completely liquid at 51—52-5°. The crude fat (61-2 g.) was washed in ether solution 
with aqueous potassium hydroxide solution which removed 3-7 g. of resinous acidic material (iodine value 
155-6) and left a _ yellow solid neutral fat (57-5 g., iodine value 40-4). 

The neutral fat was crystallised from 5% solutions in ether, (a) first at room temperature and then 
(b) at 0°, which led to the separation of (a) 6-0 g., iodine value 4-9, and (b) 7-9 g., iodine value 9-3, leaving 
in solution at 0° 43-6 g., iodine value 51-0: The latter material was further crystallised from ether at 
—10° and — 20°, when 23-5 g., iodine value 66-4, were finally left in solution. The material deposited at 
—10° and — 20° respectively had iodine values of 33-1 and 36-1, whilst further crystallisation from ether 
at 0° of the two fractions (a) and (b) originally separated caused the deposition of a fraction A (11-2 g., 
iodine value 1-0) and left 2-7 g. (iodine value 34-0) in solution. The three intermediate groups with 
iodine values 32-1, 34-0, and 36-1 were united and once more crystallised from 5% solution in ether at 
— 20°, when a fraction B (19-9 g., iodine value 30-8) separated, leaving 2-9 g. (iodine value 51-7) in solution. 
The latter was united with the 23-5 g., iodine value 66-4 (above), to form fraction C (26-4 g., iodine value 
64-8, containing 1-8 g. of resinous material of iodine value 194-9). All weights in the above description 
have been corrected (for small amounts withdrawn for analysis) to the original weight taken. The 
neutral Bacury fat had therefore been separated in the course of these crystallisations into the following 
groups of mixed glycerides :— ‘ 


Iodine Sapon. Glycerides, 
Wt., g. value. equiv. % (wt.). % (mol.). 
eh... Sepmeie in O0iar OB OP | ccciccdevcoccesecccosces 11-2 1-0 267-7 20-1 21-1 
B. Insoluble in ether at —20°............sceseeeee 19-9 30-8 279-4 35-7 35-8 
C. Soluble in ether at —20°............. intioknnsie 24-6 55-2 287-3 44-2 43-1 


Component Acids of the Groups of Mixed Glycerides, A, B, and C,—Fractions A and B were hydrolysed 
and the respective mixed fatty acids converted into mixed methyl esters which were distilled at 0-2 mm. 
pressure through an electrically-heated and ked column. The amounts and characteristics of the 
ester-fractions thus obtained are given in Table III. 


Taste III. 
Fractionation of methyl esters of fatty acids from Bacury glyceride groups A and B. 
Methyl esters from group A. Methy] esters from group B. 
Sapon. Iodine Sapon. Iodine 
Fraction. Wt., g. B. p. equiv. value. Wt., g. B. p. equiv. value. 
1 1-70 100—105° 265-8 0-2 1-92 105—110° 271-8 8-5 
2 1-62 105—115 =267-1 0-4 2-55 110—115 272-0 9-8 
3 1-66 115 ~ 269-0 0-5 2-78 115—120 272-4 12-6 
4 1-54 115—120 269-4 1-0 3-37 120—122 273-3 12-9 
5 1-53 120 271-6 1-2 3-32 122—125 286-2 58-7 
6 1-82 Residue 276-8 * 10-4 * 2-76 Residue 305-3 * 82-4* 
9-87 16-70 


* Residual esters, freed from unsaponifiable matter : 
A6, Sapon. equiv. 272-2, iodine value 10-3 
B6, . 


” ” "oS, ” ” 79-8 


Component fatty acids of Bacury glyceride groups A and B. 


Group A Group B 
(excluding unsaponifiable). (excluding unsaponifiable). 
Acid. % (wt.). % (wt.). %(mol.). % (wt.). % (wt.). % (mol.). 

MMIII sisnvnnscersccnenssesies 4-9 5-0 5-5 — — — 
PEMMRETEG n.ccvccouscecsesocccance 89-9 90-1 89-8 55-0 55-2 57-3 
WEORTES 0. cccsccosceccaccocescccces 2-4 2-4 2-1 7-4 7-5 7-0 
ASBCRIGIG ....2.0cccccsccscccesces — — — 0-8 0-8 0-7 
Hexadecenoic ..........seseeeee 2-2 2-2 2-3 6-4 6-4 6-6 
COOKS avec ccisccccsscrevccesctoscoee 0-3 0-3 0-3 30-1 30-1 28-4 
Unsaponifiable  .........-.+++ 0-3 —_— — 0-4 — —— 
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It should be mentioned that, owing to the small quantities of material available, none of the minor 
component acids included in Tables III and IV was identifiable experimentally, their presence being 
deduced from the equivalents of the fractions. It is, however, evident that the unsaturated acids 
present in many of these fractions consisted mainly of one with a molecular weight close to that of 
palmitic acid (methyl palmitate, equivalent 270), 7.e., of hexadecenoic acid. 

The acids from group C of the mixed glycerides were submitted to crystallisation from 10% solution 
in ether at — 40° before conversion of each fraction so obtained into methy] esters : 


g. %. Iodine value. 
Ca. Acids insoluble in ether at —40°.................. 10-55 44-0 2-4 
Cb. Acids soluble in ether at —40°..............esceeee 13-45 56-0 94-5 


The ester-fractionation data for both fractions are given in Table IV. 


TABLE IV. 
Fractionation of methyl esters of fatty acids Ca and Cb. 
Methyl esters from fraction Ca. Methyl esters from fraction Cb. 
Sapon. Iodine Sapon. Iodine 
Fraction. Wt., g. B. p. equiv. value. Wt., g. B. p. equiv. value. 
1 1-33 100—105° 270-9 1-1 1-95 105—115° 271-6 79-7 
2 1-93 105—110 272-5 1-2 2-29 115—122 280-8 81-9 
3 2-31 110—118 275-0 1-3 2-24 122—125 286-1 87-8 
4 2-25 118 275-3 1-5 3-18 125 297-7 94-6 
5 2-44 ° Residue 280-1 * 8-8 * 3-34 Residue 320-7 * 98-1 * 
10-26 : 13-00 
* Residual esters, freed from unsaponifiable matter : 
Ca5, sapon. equiv. 276-9, iodine value 8-5. 
Cb5, ” ” 301-6, ” ” 95-5. 
: Component fatty acids of Bacury glyceride group C. 
Ca, Cb, Total, (Excluding unsaponifiable), 
Acid. % (wt.). % (wt.). % (wt.). % (wt.). % (mol.). 
Di sctaccaseansucsonsecaiors 79-7 6-0 38-4 38-9 41-2 
I icieeenhciencasatpaaneae 16-8 — 7-4 7-5 71 
Hexadecenoic .........+.s+eee 2-2 _ 1-0 1-0 1-1 
Masti ah nceoubidsncnadbiee 1-0 82-7 46-7 47-4 45-5 
LimOleic ..cccccccsccccsccoscccseres —_ 9-2 5-2 5-2 5-1 
Unsaponifiable ...............4+ 0-3 2-1 1-3 _ _ 


From the fatty acid compositions of the groups A, B, and C the proportion of the fatty acids in the 
original Bacury fat is that shown in Table V. 


TABLE V. 
Component fatty acids of Bacury fat. 
A. B. Cc. Whole fat. 
Glycerides, % (MOl.) .....cseseseeeeees 21-1 35-8 43-1 
(Increments, % mol.). % (mol.). % (wt.). 
Component acids, 
INS cavcncasensvosecnetbiadeiaas 1-2 os a 1-2 1-0 
MITER « sinxtncondedsndoisencresderled 18-9 20-5 17-8 57-2 55-1 
EE dc cacavervekinsseascecspssadon aah 0-4 2-5 3-1 6-0. 6-4 
PURGES sc nccnccocescccesccecccoepsece -— 0-2 _ 0-2 0-3 
FEORRGSCOMOIC 2... ccccccccccececcceses 0-5 2-4 0-4 3-3 3-2 
iinwilytisewenioavesssceesegeteaeseehe 0-1 10-2 19-6 29-9 31-7 
BND ci ciiicscniecttececsotscciccse == aa 2-2 2-2 2-3 


Tue University, LIVERPOOL. [Received, June 17th, 1948.] 
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$18. The Constitution of Some Minor Unsaturated Fatty Acids of 
Rape-seed Oils. 


By M. N. Bauica and T. P. HILpitTcu. 


The small amounts of eicosenoic acid (ca. 5%) and docosadienoic acid (ca. 1%) present in 
rape-seed oils have been shown rage y to be eicos-ll-enoic and docosa-13 : 16-dienoic 
acids. All the unsaturated C acids of rape-seed oils thus conform with the 
general structure R-CH:CH- Ito where nm is either 7, 9, or 11, and R-CH°CH: is a 
mono-, di-, or ge eo Rape-seed oils also contain up to 1% of hexadec-9-enoic 
acid, accompanied by s susie of a polyethenoid C,, acid and traces of a lower 
unsaturated (probably qaesdekonates acid. 


THE most prominent fatty acids in the glycerides of rape (Brassica campestris) seed oils of the 
family Crucifere are: docos-13-enoic* (erucic, 45—50%), octadeca-9 : 12-dienoic (linoleic, 
15—20%), octadec-9-enoic (oleic, 10—15%) and octadeca-9: 12: 15-trienoic (linolenic, 
7—10%). It has recently been found that these are accompanied by small proportions of an 
eicosenoic acid (about 5%), of a docosadienoic acid (about 1%) and of unsaturated acids of the 
Cy, series (about 1%). 

The presence of eicos-11-enoic acid in a Cruciferous seed oil was first observed by Hopkins 
(Canadian J. Res., 1946, 24, B, 211) in the case of hare’s-ear mustard (Conringia orientalis). 
Hopkins suggested that the presence of small proportions of this acid might have been overlooked 
in other Crucifere seed fats, and the present work shows that this has indeed been the case so far 
as rape-seed oils are concerned. Again, Hilditch, Laurent, and Meara (J. Soc. Chem. Ind., 
1947, 66, 19) observed that ester-fractions of unsaturated C,, acids from a rape-seed oil showed 
somewhat higher unsaturation than that due to methyl erucate alone, and that on treatment 
with alkali at 180° they gave rise to an absorption band at 234 my indicative of conjugated diene 
unsaturation, thus pointing to the presence of small amounts of a docosadienoic acid in which 
the system *CH:CH*CH,°CH:CH: is present. 

In the course of a recent study (Baliga and Hilditch, J. Soc. Chem. Ind., 1948, 67, 258) of the 
component acids of a number of rape-seed oils from different sources, the minor unsaturated 
acid constituents became concentrated in various fractions (obtained by fractional distillation 
in a vacuum) of the methyl esters of the rape-oil acids which were left in solution when the 
latter were crystallised from ether at —40° (or from acetone at —60°). By uniting the 
appropriate ester-concentrates obtained in a number of these analyses, sufficient material was 
collected to allow us, by further crystallisation from solvents at low temperatures and fractional 
distillation of the esters, eventually to isolate the unsaturated C,, acids, the eicosenoic acid, and 
a mixture of docosadienoic and erucic acids of which the first-named formed about 70%, in 
quantities sufficient for their constitutions and characteristics to be determined. 

Ejicos-11-enoic Acid.—In earlier work in this laboratory and again in our recent work (loc. 
cit.) on rape-seed oils, the occurrence of small fractions of distilled esters with equivalents 
approximating to that of methyl eicosenoate (324) has been invariably noticed; but formerly 
these had been looked upon as probable intermediate mixtures of esters between the large 
quantities of unsaturated C,, and C,, esters in process of separation. Thus, from 540 g. of 
mixed rape-seed oil acids there were obtained about 30 g. of esters with equivalents of 
322-5—322-8 and iodine values of 88-6—92-8. On refractionation these gave 20-5 g. of esters 
(equivalents 322-8—324-8, iodine values 89-2—86-0), with 7-5 g. of lower-boiling material of 
higher iodine value (unsaturated C,, esters) and 2-7 g. of residual esters (equivalent 337-7) which 
contained some erucic ester. The acids (iodine value 91-7) from the main fraction (20-5 g.) of 
esters were crystallised from ether at —40° and —60°, and the product melted at 19—20° and 
had an iodine value of 83-5 (eicosenoic acid Cy,H,,O04, iodine value 81-9). 

Oxidation of the methyl esters of these acids in acetone solution with powdered potassium 
permanganate (Armstrong and Hilditch, J. Soc. Chem. Ind., 1925, 44, 437) led to the production 
of nonane-1 ;: 9-dicarboxylic acid and nonoic acid, so that the acid was eicos-]l-enoic acid. 
Isomerisation of the eicos-11-enoic acid with selenium at 220° produced a mixture of geometrical 
isomerides which were separated by crystallisation from ether at — 40° into trans-eicos-11-enoic 
acid, m. p. 43—44° (about 66%), and (impure) unchanged cis-eicos-11-enoic acid, m. p. 15—16°. 
Oxidation of the natural cis-eicos-11-enoic acid, (a) with ice-cold aqueous alkaline permanganate 
yielded 11: 12-dihydroxyeicosanic acid, m. p. 128—129° (Hopkins, Joc. cit., gives 129—130°), 

* In this paper, following the nomenclature which has long been used for unsaturated long-chain 
fatty acids and alcohols, the carbon atom of the terminal carboxylic group is numbered 1. 
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and (b) with peracetic acid in acetic acid solution, the isomeric dihydroxy-acid, m. p. 90—92° 
(Hopkins, Joc. cit., gives 94—95°). 

It is possible (cf., Experimental, p. S 93) that still smaller proportions of an eicosadienoic acid 
accompany the eicos-11-enoic acid present in rape-seed oils. 

Docosa-13 : 16-dienoic Acid.—Distilled methyl ester fractions from rape-seed oil unsaturated 
acids which consisted almost wholly of unsaturated C,, esters (equivalents 348—354, iodine 
values 73—78) were bulked and crystallised from acetone at — 60°; much of the methyl erucate 
(equivalent 352, iodine value 72-2) was then deposited, leaving in solution about 5—10% of the 
original weight of esters taken, with an iodine value of 100—110. MRefractionation of these 
esters effected the removal of further small quantities of C,, esters and produced esters of the C,, 
series with iodine values of about 113—125. The acids from these were further crystallised 
from acetone and from ether at —60°, leaving in solution concentrates of eicosadienoic acid 
which in different experiments had iodine values of 126, 131, 135, corresponding respectively to 
contents of 67, 75, and 79% of docosadienoic acid (iodine value 151-2) admixed with erucic acid 
(iodine value 75-2). Further removal of erucic acid from these concentrates was not attained. 

A concentrate estimated to contain 67% of docosadienoic acid was converted into methyl 
esters which were oxidised in acetone solution with powdered potassium permanganate, and 
yielded 57-0% of their weight of a single dicarboxylic acid which was shown to be undecane- 
1: 11-dicarboxylic acid. Quantitative formation of this acid from the 33% of methyl erucate 
present would have accounted for its production to the extent of only 23% of the weight of 
mixed esters oxidised, so that the remainder must have been formed by oxidation of the dienoic 
acid. Although the amount of the corresponding monocarboxylic acid product of oxidation was 
too small for purification and identification, the fact that the dienoic acid yields a conjugated 
diene acid on heating with alkali at 180° shows that the system *~CH:CH*CH,°CH:CH: is present. 
Hence the structure of the acid is established as docosa-13.: 16-dienoic acid. 

It unites with bromine to yield a crystalline tetrabromobehenic acid, m. p. 106—107°, 
sparingly soluble in cold light petroleum (b. p. 40—60°), but soluble in ether. 

As remarked elsewhere (Hilditch, J., 1948, 249), these results lead to the disclosure of an 
interesting structural relationship between the unsaturated fatty acids containing 18, 20, or 22 
carbon atoms in rape-seed oils (and probably in most other Crucfiere seed fats): the unsaturated 
groups are uniformly situated at the end of the carbon chain remote from the carboxyl group, 
t.e., they are all structurally derived from the system CH,*(CH,],-CH:CH*. They 
may be represented by the general formula R*CH:CH*(CH,],°CO,H, in which R is 
CH,°(CH,],° (oleic, eicosenoic, erucic), CH,*(CH,],-CH:CH’CH, (linoleic, docosadienoic), or 
CH,°CH,°CH:CH’CH,’CH:CH’CH, (linolenic); and m is 7(oleic, linoleic, linolenic), 9(eicosenoic), 
or ll(erucic, docosadienoic). . 

Hexadecenoic Acid.—As in other seed-fats which have been intensively investigated (cf. 
Hilditch and Jasperson, J. Soc. Chem. Ind., 1938, 57, 84), the presence of traces of unsaturated 
acids with fewer than 18 carbon atoms in the molecule is shown by the consistent appearance in 
the lower-boiling methyl] ester fractions of rape-seed oil unsaturated acids of small quantities of 
material with mean equivalents of 240—280 and iodine values of 20—40. A large number of 
such fractions from rape-seed oil analyses were bulked and refractionated, and esters with 
equivalents of 263—269 and iodine values of 23—35, and a much smaller amount of esters with 
mean equivalent about 247 and iodine value 37, were obtained. 

The acids from the first-mentioned fractions, when crystallised from ether at — 40°, deposited 
saturated (palmitic) acid of negligible iodine value and left in solution liquid acids with an 
equivalent of 253-4 and an iodine value of 117-5 (hexadecenoic acid, equivalent 254-0, iodine 
value 100-0). This indicates the presence in rape oil of a certain proportion of polyethenoid 
C,, acids in addition to hexadecenoic acid, the latter alone having been identified in the other 
seed fats which have previously been examined in this respect (Hilditch and Jasperson, Joc. cit.). 
It is interesting, therefore, to note that Shorland (Nature, 1945, 156, 269) has observed the 
presence of hexatrienoic acid to the extent of 11—17% in the fatty acids of thelipids of rapeleaves. 

The methyl esters of the hexadecenoic acid concentrate (iodine value 117-5), when oxidised in 
acetone solution with powdered potassium permanganate, yielded azelaic and heptoic acids (the 
latter accompanied by lower monocarboxylic acids), thus identifying the acid as hexadec-9-enoic 
acid, CH,*(CH,],*CH:CH:[CH,],,CO,H. It will be observed that this is the hexadecenoic acid 
which has been observed in other seed fats and, indeed, also in those of marine and land animals. 
It belongs, like oleic acid, to the series RCCH:CH*(CH,],°CO,H and not to the alternative series 
CH,*(CH,],°CH°CH-[CH,],,°CO,H to which the unsaturated C,,, Cg, and Cy, acids of rape oil 
conform. 
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As in other seed fats, the unsaturated C,, acids of rape-seed oils amount to not more than 1% 
of the total fatty acids. Unsaturated acids of still lower carbon content are present, but in 
exceedingly small amount: the lowest boiling fraction of the bulked esters mentioned above 
yielded acids of which the greater part was soluble in ether at — 40°, but this portion only had 
an iodine value of 47, i.e., more than half of it consisted of lower saturated acids. 


EXPERIMENTAL, 


Eicos-11-enoic Acid.—Isolation. The example which follows is typical of the procedure employed to 
separate eicosenoic acid from the other unsaturated acids of rape-seed oil. The mixed acids (539 g.) 
from 575 g. of rape-seed oil were first crystallised from acetone at —50°; 309 g. of acids (iodine value 72) 
were then deposited, —— 230 g. of acids (iodine value 157) in solution; the latter contained most of 
the unsaturated C,, acids of the oil, whilst the deposited acids included most of the erucic and eicosenoic 
acids, with some oleic and linoleic acids. They were converted into methyl esters (311 g.) which, when 
fractionally distilled, gave the results summarised in Table I. 


TABLE I. 


Fract. Iodine 
No. Wt., g. Equiv. value. Remarks. 


278-7 75-8 Unsaturated C,, and C,, esters. 
285-0 98-4 ” ” ” ” 
290—293 120-2—133-1 Chiefly unsaturated C,, esters. 
293—294 160-6—164-6 Unsaturated C,, esters (linoleate, 
oleate, linolenate). 
296-0 137-9 Chiefly unsaturated C,, esters. 
307-2 120-2 Unsaturated C,, and C,, esters. 
318-2 93-1 ” ” ” ” 
322-5 92-8 Chiefly unsaturated C,, esters. 
322-8 88-6 ” ¥ ” - 
336-5 87-3 Unsaturated C,, and C,, esters. 
349-6 85-5 Chiefly unsaturated C,, esters. 
351—358 76-1—85-1 i a 
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The esters in fractions 16 and 17 (Table I) were combined and refractionated (30 g.) with the results 
shown in Table II. 


TABLE II, 
Fract. 
. Wt., g. Equiv. 


310-4 
318-6 
322-6 
322-8 
322-0 
324-5 
325-0 
324-2 
324-8 
337-7 
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Fractions 1 and 2 (Table II) contained some unsaturated C,, esters, whilst some C,, esters were 
present in the final residue. Fractions 4—9, however, appeared from equivalents and iodine values to be 
almost pure esters of C,, unsaturated acids, and when the acids therefrom (17-0 g., iodine value 91-7) were 
combined and crystallised from ether at —40° and —60°, 11-5 g. (iodine value 83-5) were deposited and 
5-5 g- (iodine value 106-6) left in solution finally at — 60°. 

_ In another experiment 14-1 g. of crude eicosenoic acid isolated in a similar manner from ravison-seed 
oil fatty acids deposited 1-0 g. of acids (iodine value 63-8) from ether at — 40°, this evidently including a 
small amount of saturated acid. The acids left in solution in ether at —40° deposited 6-9 g. of eicosenoic 
acid (iodine value 80-8) when the solution was cooled to — 60°, and left in solution at — 60° 6-2 g. of acids 
(iodine value 97-2). The eicosenoic acid with iodine values of 80-8 and 83-5 (CoH 5202, iodine value 81-9) 
solidified on — to 0° to a mass of colourless crystals which melted at 19—20°. 

The material of high iodine value left in solution in ether at —60° may have been still contaminated 
with traces of linoleic or linolenic acid, but it seems likely that it consists mainly of an eicosadienoic acid. 
If this is the case, however, the amount of this diene C,, acid present is only about 8—10% of the total 
unsaturated C,, acids, and therefore not more than 0-59) of the total acids of rape-seed oil. 

Constitution. The me esters (11-2 g.) of the specimen of purified eicosenoic acid of iodine value 
83-5 (above) were dissolved in acetone (112 ml.) and oxidised by slow addition of finely powdered 
potassium eas to the boiling solution in the course of about an hour, followed by boiling under 
reflux for 10 hours. After removal of inorganic salts and of 1-1 g. of unoxidised material, there were 
recovered 5-6 g. of crude dicarboxylic and 3-1 g. of crude monocarboxylic acid products of oxidation. 
After repeated crystallisation from water and from chloroform, the dicarboxylic acid melted at 105° 
ge 106-9). Mixed with synthetic nonane-1 : 9-dicarboxylic acid [m. p. 105—107°, equiv. (calc.) 
108], the m. p. remained unchanged. The crude monocarboxylic acids were distilled at atmospheric 
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pressure and yielded about 2-5 g. of acids (equiv. 160—164) which were converted into the silver salt 
(Found: Ag, 40-9. Calc. for C,H,,O, Ag: 40°7%). These data establish the structure of the acid as 
eicos-11-enoic acid. 

Derivatives. On treatment with a trace of powdered selenium at 220° (Bertram, Chem. Weekblad, 
1936, 33, 3) the natural eicos-11-enoic acid (iodine value 80-8, m. p. 19—20°) yielded a mixture of acids 
from which 66% of an isomer melting at 43—-44° was separated by crystallisation from ether at —40°, 
the remainder (m. p. 15—16°) being mainly the unchanged original acid. The natural cis-eicos-11-enoic 
acid thus yielded the usual equilibrium of cis- and trans-isomers (cf. Griffiths and Hilditch, J., 1932, 
2315) on elaidinisation with selenium. 

Eicosenoic acid (iodine value 83-5, 1-0 g.) was oxidised as potassium salt in aqueous solution (800 ml.) 
at 0° with excess of alkaline permanganate for a short time (Lapworth and Mottram, J., 1925, 127, 1628), 
and from the products of oxidation 0-7 g. of crude dihydroxy-fatty acids were obtained which, after 
crystallisation from ethyl acetate, gave 0-58 g. of an acid which melted at 128—129°. This m. p. was 
unchanged after admixture with an authentic specimen of 11: 12-dihydroxyarachidic acid (m. p. 
130—131°), but was depressed to 118° by admixture with 9 : 10-dihydroxystearic acid (m. p. 132°), and to 
122—124° by admixture with 13 : 14-dihydroxybehenic acid (m. p. 128—129°). 

Eicosenoic acid (iodine value 80-8, 2-0 g.) was also oxidised in glacial acetic acid solution with a dilute 
solution therein of peracetic acid (Scanlan and Swern, J. Amer. Chem. Soc., 1940, 62, 2305), and an 
isomeric 1] : 12-dihydroxyarachidic acid (m. p. 90—92°, 0-9 g.) was obtained after purification and 
crystallisation from ethyl acetate. 

Docosadienoic Acid.—Isolation. Since the diene C,, acid is present to the extent of not more than 1% 
in the mixed fatty acids of rape oil, and so forms barely 2-5% to 3% of the total acids of the 
C,, series, its isolation presents considerable difficulty, and large quantities of rape-seed oil were employed 
in order to obtain the amount of diene C,, acid concentrate necessary for its characterisation. This was 
effected in the first place by low temperature crystallisation of the methy] esters of rape oil C,, acids which 
had been separated by fractional distillation. The application of this preliminary ester-fractionation to 
the methyl esters (260 g.) of a batch of rape-seed oil mixed fatty onde is illustrated by the condensed 
ester-fractionation data in Table III. 


TaBLeE III, 


Fract. Iodine 
No. Equiv. value. Remarks, 


271-5 47-5 Chiefly palmitate and hexadecenoate. 
288-8 117-8 Palmitate, unsaturated C,, and C,, esters. 
288-1 126-0 ie ne ms - 

290—294 142-0—148-4 Unsaturated (C,, esters (linolenate, oleate, 

linoleate). 

296—310 138-1—136-4 Chiefly unsaturated C,, esters (with some C,,). 
333-7 81-2 C,, and C,, esters (chiefly unsaturated). 
348-2 C,, esters (with some C,, esters). 

349—362 , : Mainly unsaturated C,, esters, with small 

amounts of saturated C. C,, and C,, esters. 
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The methyl esters (98 g.) of fractions 13—23 (Table III), in which unsaturated esters of the C,, 
series largely pane ne lh were crystallised from acetone at —60°; the 92-2 g. (iodine value 66-2) 
which separated consisted practically entirely of methyl erucate accompanied by small ‘_ricaas of 
arachidate, behenate and lignocerate. There was left in solution 5-8 g. of iodine value 110-3. 

By similar procedure three other prelimin concentrates of unsaturated C,, esters from other 
batches of rape-seed oil a acids were prepared, so that a quantity of about 16 g. of esters of iodine 
value 108-3 was accumulated and, at this point, submitted to a further fractional distillation (Table IV). 


TaBLeE IV. 


Fract. Iodine 
No, wo & Equiv. value. Remarks. 


319-9 95-5 Unsaturated C,, and C,, esters, 
332-0 97-9 e pe - pa 

348-7 112-0 Unsaturated C,, ester concentrate. 
352-2 127-9 
351-8 112-9 
351-7 110-3 
360-7 97-0 


The acids from fractions 3—6 (Table IV) were combined (7-0 g., iodine value 114-9) and crystallised 
from acetone and from ether at —60°; 2-7 g. (iodine value 91-9) separated, leaving in solution 4-3 g. of 
iodine value 131-5. In the course of two additional repetitions ab initio of this lengthy procedure, 
further small quantities of docosadienoic acid concentrates were —— namely, 6-0 g. (iodine value 
126-5) and 1-2 g. (iodine value 134-6). Attempts to effect er separation of the erucic and 
docosadienoic acids in these concentrates were unsuccessful. 

The acid concentrate of iodine value 131-5, after isomerisation with alkali at 180° (Hilditch, Morton 
and Riley, Analyst, 1945, 70, 68), showed absorption in the ultra-violet at 268 my to a very small extent, 
and a pronounced band at 234 mp (E}¢,,, 409). Calculated from the iodine value (131-5) as a mixture of 
erucic acid (iodine value 75-2) and docosadienoic acid (iodine value 151-2), this concentrate contained 
about 74% of docosadienoic acid. 
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Constitution. The concentrate of iodine value 126-5 (containing about 67% of diene acid) was 
converted into methyl esters, 4-4 g. of which were oxidised in acetone solution (88 ml.) with 
finely powdered potassium anganate (44 g.). From the acidic products of oxidation there were 
obtained 2-5 g. of dicarboxylic acid. Repeated crystallisation of this from water and from chloroform 
indicated that only one acid was present, and, as finally obtained, this melted at 103—104° and had an 
equiv. of 122-3 (C,,H,,0,, equiv. 122). This proves that, in the diene acid as well as in the accompanying 
erucic acid, unsaturation commences in the 13: 14 position. [The amount of methyl erucate (1-5 g.) 

resent in the ester concentrate oxidised would theoretically have given rise to 1-04 g. of undecane- 
: 18-dicarboxylic acid, so that the greater part of the 2-5 g. of this acid actually isolated must have been 
derived from the dienoic ester.]} 

The quantity of monocarboxylic acids produced in the oxidation was too small to permit of 
purification and identification: but the production of undecane-1 : 13-dicarboxylic acid, coupled with 
that of a conjugated diene acid on isomerisation with alkali at 180° (indicating the presence of a 
methylene group between two ethenoid bonds), establishes the structure of the diene C,, acid as docosa- 
13 : 16-dienoic acid. 

13: 14: 16: 17-Tetrabr d jc Acid.—The acid concentrate (1-1 g.) of iodine value 134-6 
(above) was dissolved in light petroleum (b. P 40—60°, 11 ml.), and to the stirred solution at 0° was 
added bromine until a permanent yellow coloration persisted. After standing overnight at 0° the 
precipitate formed (0-28 g.) was collected and recrystallised from light petroleum, and 0-20 g. of crystals 
which melted at 106—107-5° was obtained (Found: Br, 47-0. Calc. for C,,H,,.O,Br,: Br, 48-8%). 

Hexadecenoic, etc., Acids.—A large number of the small lowest-boiling fractions of methyl esters of 
rape-seed oil unsaturated acids, which had accumulated during our examination of a series of these oils 
(loc. cit.) and which had analytical characteristics similar to those of the fractions 1 in Tables I and III 
above, were combined together and refractionated with the results shown in Table V. 





TABLE V. 


B.p. 

(0-2 mm.). Equiv. 
68—80° 189-2 
80—118 247-0 

118—120 263-4 
120 266-8 
120 269-0 
120 268-4 

120—122 271-8 
122 274-0 
122 290-8 

Residue 282-9 


Unsaturated C,, Acids.—The acids (11-8 g.) from the ester-fractions 3—6 (Table V) were combined 
and crystallised from ether at —40°; 8-9 g. of acids of iodine value 1-5 (mainly palmitic acid) were 
a leaving in solution 2-9 g. of liquid acids (iodine value 117-5, equiv. 253-4; C,gH,,O,, iodine 
value 100-0, equiv. 254-0). Thus the hexadecenoic acid from rape-seed oil is accompanied by a certain 
amount of polyethenoid C,, acids. 

A small oe (2-5 g.) of methyl esters from the acids of iodine value 117-5 was oxidised in acetone 
solution (100 ml.) with Frage _——— permanganate (15 g.); after removal of 0-8 g. of neutral 
esters there was obtained 0-5 g. of dicarboxylic acid which melted at 102—104° (mixed with an authentic 
—e of azelaic acid, m. p. 101—104°). Distillation of the small —— of monocarboxylic acids 

produced gave 0-23 g. (equiv. 108) and 0-17 g. (equiv. 121), suggesting the presence of short-chain 

monocarboxylic acids from po! — C,, acids as well as of heptoic acid (equiv. 130). The yield of 

een a obtained suffices, however, to define the structure of the mono-ethenoid acid as hexadec- 
-enoic acid. 

Lower Unsaturated Acids,—The acids (2-9 g.) from ester-fractions 1 and 2 (Table V) were united and 
crystallised from ether at —40°; 0-8 g. (iodine value 5-6) was deposited, leaving in solution 2-1 g. of acids 
(iodine value 46-8, equiv. 195-0). The latter thus still contained saturated acids of lower molecular 
weight, and it is most likely that the unsaturated component consisted of tetradecenoic acid (equiv. 226, 
iodine value 112-4); the amount of this was at most about 25—30%, of the unsaturated C,, acids present 
in the same mixture, so that the content of unsaturated acids with fewer than 16 carbon atoms in the 
total rape-seed oil acids is only of the order of 0-2%. 


THE UNIvERsiItTy, LIVERPOOL. (Received, July 24th, 1948.] 
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$19. Some Fluorinated Derivatives of Toluene. 


By J. H. Brown, C. W. Suckiinc, and W. B. WHALLEY. 


Attempts to produce highly fluorinated toluenes have resulted in an improved process for the 
preparation of benzotrifluoride from benzotrichloride. 

2-Nitro-4-aminotoluene has been converted into 2 : 4-difluorotoluene (I; R = R’ = F), but 
attempts to prepare 2 ; 4-difluorobenzotrifluoride from the latter compound failed. -Fluoro- 
toluene has been converted into p-fluorobenzotrifluoride, using the anhydrous hydrogen fluoride 
method detailed in this paper. 

Other fluorinated derivatives of toluene are reported. 
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THE work described in this paper was carried out as part of a programme of research designed to 
investigate the preparation of highly-fluorinated toluenes, without the use of elementary fluorine. 
Since the completion of this research many of the compounds prepared have been described 
elsewhere (chiefly Finger and Reed, J. Amer. Chem. Soc., 1944, 66, 1972). 

Two possible routes to the desired products were explored, (a) the nuclear fluorination of 
toluene followed by side-chain chlorination and subsequent replacement of the chlorine by 
fluorine, and (b) the introduction of fluorine into the nucleus of benzotrifluoride. 

Following the first line of research 2 : 4-difluorotoluene (I; R = R’ = F) was prepared from 
4-nitro-2-aminotoluene (I; R = NH,, R’ = NO,), by way of the intermediate 2-fluoro-4- 
nitrotoluene (I; R = F, R’ = NO,) using the Schiemann-Balz reaction for the replacement of 
an aromatic amino-group by fluorine via the diazonium borofluoride (Ber., 1927, 60, 1186). 
The resultant 2: 4-difluorotoluene could be chlorinated only as far as the benzylidene 
chloride and that with great difficulty. -Fluorotoluene (I; R =H, R’ = F); prepared 
from p-nitrotoluene (Balz and Schiemann, Ber., 1927, 60, 1188), chlorinated readily to p-fluoro- 
benzotrichloride, which fluorinated smoothly with anhydrous hydrogen fluoride to p-fiuorobenzo- 
trifluoride (cf. Booth, Elsey, and Birchfield, J. Amer. Chem. Soc., 1935, 57, 2066, who used 
antimony trifluoride for the fluorination). Nitration of 2: 4-difluorotoluene produced a 
mononitro-compound of unknown orientation, in low yield. 

2-Fluoro-4-hydroxytoluene (I; R = F, R’ = OH) was obtained in small amounts during the 
preparation of 2 : 4-difluorotoluene and characterised as the benzoate. 

Attempts to prepare 3: 4-difluorotoluene (II; R = R’ = F) from 3-nitro-4-aminotoluene 
(II; R= NO,, R’ = NH,) failed. Diazotisation could not be effected in aqueous sodium 
borofluoride, or in glacial acetic acid with the addition of sodium nitrite dissolved in concentrated 
sulphuric acid and subsequent addition of sodium borofluoride (Misslin, Helv. Chim. Acta, 1920, 
8, 626). The decomposition of the 3-nitrotoluene-4-diazonium borofluoride (II; R = NO,, 
R’ = N,BF,) prepared by diazotising in hydrofluoroboric acid produced no 4-fluoro-3-nitro- 
toluene. 
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The nitration of 2-fluoro-4-acetamidotoluene readily produced 2-fluovo-5-nitro-4-acetamido- 
toluene (III; R = F, R’ = Me*CO-NH, R” = NO,), the orientation of which was determined as 
follows: the substance reacted with methyl- or ethyl-alcoholic potassium hydroxide, the 
fluorine being replaced by methoxyl or ethoxyl groups respectively. This reaction has been 
observed to occur only if the fluorine and nitro-groups are in the o- or ~-positions to each other 
(Schiemann and Balz, Ber., 1927, 60, 1186). The position of the nitro-group in the supposed 
5-nitro-4-amino-2-methoxytoluene (III; R = OMe, R’ = NH,, R” = NO,) was proven by 
deamination to a compound agreeing in properties with the 5-nitro-2-methoxytoluene of 
Simonsen and Nayak (J., 1915, 107, 828) and Shah, Bhatt, and Kanga (J. Univ. Bombay, 1934, 
8, 155; Chem. Abs., 1935, 29, 4747). Moreover, when treated with alcoholic hydrogen chloride, 
(III; R=F, R’ = MeCO*-NH, R” = NO,) gave the amine hydrochloride which was 
deaminated to 2-fluoro-5-nitrotoluene (III; R = F, R’ = H, R” = NO,), apparently identical 
with Schiemann’s preparation (Schiemann, Ber., 1929, 62, 1794). The identity of the 5-nitro-4- 
amino-2-methoxytoluene was later confirmed by comparison with an authentic specimen (Curd 
and Robertson, /., 1933, 1166). 

As a-necessary preliminary to the exploration of method (b) the preparation of benzotri- 
fluoride from benzotrichloride was investigated. The use of antimony trifluoride (Booth, 
Elsey, and Birchfield, J. Amer. Chem. Soc., 1935, 57, 2066) as a fluorinating agent was not 
attractive for large-scale laboratory use and would appear to be attended by considerable 
practical difficulties. The use of the alternative fluorinating agent, hydrogen fluoride, was 
investigated. The only information available was of little value (cf. I. G. Farben. A.G., 
D.R.-P. 575,593). The laboratory process described by Simons and Lewis (J. Amer. Chem. Soc., 
1938, 60, 492) is extremely tedious and difficult to control adequately during the extended 
reaction period (72 hours). This paper records a more convenient process. The presence of 
small quantities of benzylidene chloride (as little as 1%) in the benzotrichloride has a very 
deleterious effect upon the subsequent fluorination. Slightly under-chlorinated benzotri- 
chloride which probably contains traces of benzylidene chloride, behaves similarly during 
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fluorination. This difficulty was completely eliminated by a slight over-chlorination to produce 
a benzotrichloride of density 1-390—1-395/16°. The density of pure benzotrichloride is 1-380/16°. 

During the investigation of route (6), m-nitrobenzotrifluoride was converted into m-cyano- 
benzotrifluoride (IV; R = CN, R’ = R” = H) and thence by way of the Stephen reaction 
to the m-formylbenzotrifluoride (IV; R= CHO, R’ = R” =H), characterised by the 
2 : 4-dinitrophenylhydrazone, agreeing in properties with those described for a specimen recently 
prepared by an alternative method (Gilman et al., J. Amer. Chem. Soc., 1946, 68, 426). 
Nitration of m-fluorobenzotrifluoride gave 5-fluoro-2-nitrobenzotrifluoride (IV; R = F, R’ = H, 
R” = NO,) smoothly convertible into 2 : 5-difluorobenzotrifluoride (IV; R’ = H, R= R” = F) 
recently described by Finger and Reed (J. Amer. Chem. Soc., 1944, 66, 1972), and easily 
convertible into the 2-nitro-5-methoxy- and -5-ethoxybenzotrifluorides by the action of methyl- or 
ethyl-alcoholic potassium hydroxide respectively. 

The nitration of p-fluorobenzotrifluoride readily produced a mononitro-derivative, almost 
certainly 4-fluoro-3-nitrobenzotrifluoride (IV; R = NO,, R’ = F, R” = H) because of the ease 
of replacement of the fluorine by methoxyl and ethoxy] (cf. 2-fluoro-5-nitro-4-acetamidotoluene, 
p. S 98), and the failure of attempts to produce a diazonium borofluoride even in hydrofluoroboric 
acid or with amy] nitrite in ether (v. Braun and Rudolf, Ber., 1931, 64, 2465). 


EXPERIMENTAL, 


Benzotrichloride.—Crude commercial benzylidene chloride, d}% 1-156—1-180, was chlorinated in 
a 201. three-necked ‘‘ Quickfit ’’ glass flask, fitted with chlorine inlet, thermometer pocket, and vent 
for exit gases through a reflux condenser. The joints throughout the ap tus were of ground 
glass. The flask was heated by a gas-ring but was supported on a tripod slightly above the flame. The 
benzylidene chloride was chlorinated to di 1-390—1-395 in 10 1. batches at a temperature of 
150—160°, during 13—21 hours. The undistilled product was used directly for the fluorination stage. 
The use of distilled benzotrichloride did not increase the yield of benzotrifiuoride. 

Benzotrifluoride.—The apparatus has been described previously (Whalley, J . Soc. Chem. Ind., 1947, 
66, 427). e autoclave was charged with 1173 g. (6 moles) of benzotrichloride, cooled to 0°, and the 
hydrogen fluoride added. The oil-bath temperature was raised to 135—140° during 25 minutes and 
thereafter maintained at that value. The autoclave pressure gradually rose during about 80 minutes to 
225 Ib. per sq. in., the temperature of the mixture being 80—100°. e relief valve was then opened as 
tequired to maintain the pressure at 225 lb. per sq. in. As the reaction proceeded the internal 
temperature decreased by 10—15°; after 14—3 hours evolution of gas had ceased and the internal 
temperature had risen to 100—105°. When the pressure had remained constant for 10—15 minutes at 
this temperature reaction was considered complete, the oil-bath was removed, and the autoclave 
temperature allowed to fall to 80° when pressure was gradually released. The product, a black, mobile, 
lachrymatory liquid (800—-825 g.; unless carbonaceous material had been formed owing to unfavourable 
conditions) was blown out of the autoclave. The product was distilled directly at atmospheric pressure, 
the fraction of b. p. 102—105° being collected as pure benzotrifluoride. The distillate was usually 
slightly acid and was shaken with about 1% of its weight of sodium carbonate and 1% of anhydrous 
sodium sulphate to dry it, and filtered to = a clear, colourless liquid (approximately 780 g.). e use 
of benzotrichloride to which had been added 1 or 5% of benzylidene chloride reduced the yield of pure 
benzotrifluoride to 315 g. or 175 g., respectively, and much carbonaceous material was produced. 
Similar results were obtained when benzotrichloride of density less than 1-390/16°, which possibly 
contained benzylidene chloride, was fluorinated. 

2-Fluovro-4-aminotoluene.—The thermal decomposition of the diazonium borofluoride of 2-amino-4- 
nitrotoluene proceeded with considerable violence and could not readily be performed in the usual 
manner (Org. Synth., 1933, 18, 46). An improvement upon the method described (Schmelkes and 
Rubin, J. Amer. Chem. Soc., 1944, 66, 1631) was the use of monochlorobenzene or dichlorobenzene as a 
diluent, followed by direct reduction of the nitro-compound without its isolation, as follows : 

The dried 4-nitrotoluene-2-diazonium borofluoride (380 g.) was stirred with dry monochlorobenzene 
(2000 c.c.) and run from ad ing funnel in portions of about 300 c.c. into a flask fitted with stirrer and 
reflux condenser and hea in an oil-bath maintained at 116°. The flask originally contained 
monochlorobenzene (500 c.c.) and each portion of slurry was added after evolution of boron trifluoride 
from the last had subsided. The addition of the slurry took 2 hours. The dropping funnel was washed 
with monochlorobenzene (50 c.c.), the washings running into the flask. Heating was continued until the 
evolution of gas ceased ($ hour). The resultant solution of 2-fluoro-4-nitrotoluene was reduced without 
isolation of the eres as follows: Glacial acetic acid (100 c.c.), water (400 c.c.), and powdered iron 
(100 ) §-) were added, the contents of the flask being stirred and refluxed gently. More iron (100 g.) was 
added at hourly intervals for 5 hours, and refluxing continued for a further 2 hours. The mixture was 
made alkaline and steam-distilled. The non-aqueous distillate was extracted with 5n-hydrochloric acid 
(2 x 250 c.c.). The acid extract was basified with sodium hydroxide solution, when 2-fluoro-4-amino- 
toluene separated. Distillation gave the pure compound (118 g.), b. p- 202—204°/760 mm., crystallising 
in colourless tablets of m. p. 32°; Schmelkes and Rubin (/oc. cit.) give b. p. 200—205°/760 mm. 

2 : 4-Difluorotoluene.—A fluoroboric acid solution was prepared by cautious addition of boric acid 
(393 g.) to a stirred mixture of 52% oer acid (528 c.c.) and crushed ice (650 g.) in a lead beaker 
cooled by a freezing mixture. Much heat was evolved and the temperature rose to 50°. The resultant 
solution was cooled to 0° before use. 2-Fluoro-4-aminotoluene (142 g.) was dissolved in this fluoroboric 
acid (1570 g.) and cooled to 0°. Sodium nitrite (80 g.), dissolved in the minimum quantity of water, was 
added with stirring and maintenance of the temperature below 5°. 
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2-Fluorotoluene-4-diazonium borofluoride (240 g.) was precipitated as an almost colourless solid, 
It was filtered off and washed with a minimum quantity of ice-cold water, methanol, and ether and then 
dried at room temperature. The dried diazonium borofluoride (975 g.) was placed in a 3-1. flask 
connected to a condenser and suitable receivers, cooled to —30°. The flask was gently warmed with a 
free flame and decomposition occurred smoothly to give crude 2 : 4-difluorotoluene which collected in the 
traps while the boron trifluoride was vented to the atmosphere. When evolution of boron trifluoride was 
complete and all the 2 : 4-difluorotoluene had been distilled from the reaction vessel, the distillate was 
washed with 2n-sodium hydroxide solution (3 x 100 c.c.) and water, dried over anhydrous sodium 
sulphate, and distilled to give 2 : 4-difluorotoluene as a colourless liquid (440 g.), b. p. 113—117°/760 mm. 
(Found : C, 65-8; H, 4-7; F, 29-7; M,121. C,H,F, requires C, 65-6; H, 4-7; F, 39-79% ; M, 128). 

Steam distillation of the filtrate from the preparation of 2-fluorotoluene-4-diazonium borofluoride, 
and extraction with ether gave 2-fluoro-4-hydroxytoluene (15 g.) as a colourless oil, b. p. 
194—196°/760 mm., exhibiting a violet colour with ferric chloride in aqueous solutions. The benzoate, 
prepared by the Schotten—Baumann method, crystallised in colourless plates, m. p. 77°, from ethanol 
(Found: C, 72:5; H, 5-0. C,,H,,0,F requires C, 73-0; H, 48%). - 

Nitration of 2: 4-Difluorotoluene.— o 2:4-difluorotoluene (50 g.) was added a mixture of 
concentrated sulphuric acid (15 c.c.) and concentrated nitric acid (35 c.c.) in portions of 10 c.c. The 
mixture was stirred and warmed at 65° for 2 hours. There was considerable evolution of oxides of 
nitrogen and some hydrogen fluoride. The product was poured on crushed ice (200 g.), separated from 
the t acid, washed with 2n-sodium hydroxide and water, dried with anhydrous sodium sulphate, and 
distilled, giving unchanged 2: 4-difluorotoluene (28 g.) and a mononitro-2 : 4-difluorotoluene (8 g.), 
b. p. 200—210°/760 mm., crystallising in long, - yellow tablets, m. p. 37° (Found: C, 48-5; H, 2-7; 
N, 8-1; F, 22-0. C,H,O,NF;, requires C, 48-6; H, 2-9; N, 8-1; F, 22-0%). 

p-Fluorotoluene.—This compound was readily obtained in good yield, from p-aminotoluene. It had 
b. p. 115-5—116-5°/760 mm. e residues from the distillation contained a small quantity (l1—2%) ofa 
colourless liquid, b. p. 272—-276°/760 mm., which analysed for a monofluoroditolyl (Found: C, 83-1; 
H, 7:0; F, 10-1. C,,H,,F requires C, 83-5; H, 6-5; F, 9-5%). 

p-F luorobenzotriftuoride. —p-Fluorotoluene was chlorinated with phosphorus pentachloride as a 
catalyst, and then fractionated, giving -fluorobenzotrichloride as a colourless liquid, b. p. 
121—125°/45 mm. (cf. Booth, Elsey, and Birchfield, J. Amer. Chem. Soc., 1935, 57, 2066). The 
conversion of the trichloride into the trifluoride was carried out by the method described for benzotri- 
fluoride. -Fluorobenzotrichloride (1280 g.) and anhydrous hydrogen fluoride (480 g.) were heated in a 
pressure vessel. Reaction commenced at about 85°, and the hydrogen chloride evolved was released, 
as formed, via a condenser. Reaction was complete in 14 hours. The product, a black, mobile 
lachrymatory liquid (930 g.) was shaken with a little solid sodium carbonate and fractionated. -Fluoro- 
benzotrifluoride, b. p. 102—105°/760 mm., was collected as a clear, colourless liquid (825 g.) (Booth, 
Elsey, and Birchfield, /oc. cit., give b. p. 102-8°/760 mm., for material prepared by the action of antimony 
trifluoride on p-fluorobenzotrichloride). 

2-Fluoro-5-nitro-4-acetamidotoluene.—To a mixture of concentrated nitric acid (200 c.c.) and 
concentrated sulphuric acid (30 c.c.) was added dry 2-fluoro-4-acetamidotoluene (Schmelkes and Rubin, 
J. Amer. Chem. Soc., 1944, 66, 1631) (53 g.) in small portions, with stirring, at such a rate that the reaction 
temperature was maintained at 35—40°. After completion of the addition, the mixture was left for 
15 minutes and then poured on crushed ice (300 g.). The yellow solid precipitate was filtered off, washed 
with water, and crystallised from aqueous alcohol in pale yellow needles (56 g.) of 2-fluoro-5-nitro-4- 
acetamidotoluene, m. p. 94° (Found: C, 50-9; H, 4:2; N, 12-5; F, 9-5. C,H,O,N,F requires C, 50-9; 
H, 4:3; N, 13-2; F,9-0%). When this compound was refluxed with aqueous-alcoholic hydrochloric acid 
the hydrochloride was obtained in quantitative yield, crystallising in red tablets, m. p. 158°, from ethanol. 
Diazotisation of the hydrochloride (3 g.) with concentrated sulphuric acid (3 c.c.), ethanol (20 c.c.) and 
sodium nitrite (1-1 g.), followed by steam distillation gave 2-fluoro-5-nitrotoluene (0-75 g.), crystallising 
from alcohol in yellow needles, m. p. 41° (Schiemann, Ber., 1929, 62, 1804, gives m. p. 41-5°). 1-5G. of 
unchanged hydrochloride were recovered. 2-Fluoro-5-nitro-4-acetamidotoluene (20 g.), potassium 
hydroxide (13-2 g.), and methanol (150 c.c.) were refluxed for 1 hour after the initial reaction had 
subsided. The product was removed a from the cooled solution, washed well with water, and 
crystallised from methanol, ethanol, or benzene in long orange tablets, m. p. 155-5°, of 5-nitro-4-amino-2- 
methoxytoluene (17 g.). A mixed m. p. with an authentic specimen (Curd and Robertson, J., 1933, 
1166) gave no depression. 5-Nitro-4-amino-2-ethoxytoluene was prepared in a similar manner, using 
ethyl alcoholic potassium hydroxide. The product crystallised from ethanol in fine golden, yellow 
mr 1ea%). p. 146-5° (Found: C, 54:9; H, 6-3; N, 14-5. C,H,,0,N, requires C, 55-1; H, 6-1; 

, ‘ o)- 

m-A cetamidobenzotrifiuoride.—m-Aminobenzotrifluoride (Booth, Elsey, and Birchfield, J. Amer. 
Chem. Soc., 1935, 57, 2066) was acetylated with acetic anhydride to give m-acetamidobenzotrifluoride, 
m. p. 105°, in long colourless needles, from aqueous alcohol. Rouche (Bull. Acad. roy. Belg., 1927, 18, 
346) erroneously gives m. p. 203° (Found: N,6-9. Calc. forC,H,NOF,: N, 6-9%). 

2-Nitro-5-methoxy- and -5-ethoxy-benzotrifiuoride.—Nitration of m-fluorobenzotrifluoride produced 
§-fluoro-2-nitrobenzotrifluoride (Finger and Reed, J. Amer. Chem. Soc., 1944, 66, 1972), b. p. 
200°/764 mm., which crystallised in almost colourless prisms, m. p. 23°5°. 2-Nitro-5-methoxybenzotri- 
fluoride, crystallising from light petroleum in large, pale yellow prisms, m. p. 39° (Found: C, 43-2; 
H, 2-7; N, 6:3. C,H,O,NF, requires C, 43-4; H, 2-7; N, 6-3%), and 2-nitro-5-ethoxybenzotrifluoride, a 
- yellow liquid, b. p. 268°/755 mm. (Found: C, 45-6; H, 3-2; N, 5-7. C,H,O,NF;, requires C, 46-0; 

, 34; N, 6-0%), were obtained by refluxing 5-fluoro-2-nitrobenzotrifluoride with methyl- and ethyl- 
alcoholic potassium hydroxide respectively. 

4-Fluoro-3( ?)-nitrobenzotrifluoride.—A mixture of concentrated nitric acid (350 c.c.) and concentrated 
sulphuric acid (400 c.c.) was added at 50°, with stirring, to p-fluorobenzotrifluoride during 2} hours. The 
temperature of the reaction mixture was then raised to 60°, and maintained for 1} hours. The mixture 
was cooled, and the organic layer separated, taken up in ether, washed free from acid, dried (Na,SO,) 
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and ~ ye - i—crmsion ?)-nitrobenzotrifluoride (334 g.), b. p. 204—208°/762 mm., was obtained as a 
le yellow liquid. 

4-Fluoro-3( ?)-acetamidobenzotrifluoride.—Concentrated hydrochloric acid (400 c.c.) was added in 
portions to 4-fluoro-3-( ?)-nitrobenzotrifluoride (250 g.) and granulated tin (270 g.), with cooling as 
required. Water (500 c.c.) was then added, the mixture refluxed for 90 minutes, made alkaline, and 
steam distilled. The non-aqueous layer was taken up in ether, separated, dried, and distilled, giving 
4-fluoro-3-( ?)-aminobenzotrifluoride (365 g.), as a colourless liquid of b. p. 188—190°/770 mm. 
Acetylation with acetic anhydride and crystallisation from aqueous alcohol gave 4-fluoro-3-( ?)- 
acetamidobenzotrifluoride in colourless needles, m. p. 121° (Found: C, 49-1; H, 3-3; ot 6-3. C,H,ONF, 
requires C, 48-9; H, 3-2; N, 63%). The m. p. of 5-fluoro-2-acetamidobenzotrifluoride is also 121 
(present authors and Finger and Reed, J. Amer. Chem. Soc., 1944, 66, 1972). The mixed m. p. is 80—85°. 
Treatment of 4-fluoro-3-( ?)-nitrobenzotrifluoride with methyl-alcoholic potassium hydroxide gave 
3-( ?)-nttro-4-methoxybenzotrifluoride, crystallising from alcohol in lemon-yellow needles, m. p. 48° (Found : 
C, 43-0; H, 3-1; N, 6-1. C,H,O,NF; requires C, 43-4; H, 2-7; N, 6-3%). 

3-( ?)-A cetamido-4-methoxybenzotrifiluoride.—Reduction of  3-( ?)-nitro-4-methoxybenzotrifluoride 
(10 g.), with tin (10 g.) aad hydrochloric acid (100 c.c.), followed by steam distillation, gave 3-( ?)-amino- 
4-methoxybenzotrifluoride as a colourless oil which 7; poad solidified. Crystallisation from light 
petroleum gave the amine in colourless plates, m. p. 59° (Found: C, 49-7; H, 4-4; N, 7-5. C,H,ONF 
requires C, 50-3; H, 4:2; N, 7-3%). Acetylation with acetic anhydride and crystallisation from alcoho 

ve 3-(?) tamido-4-methoxybenzotrifiuoride in colourless needles, m. p. 84° (Found: N, 6-2. 
19F1,9O,NF, requires N, 6-0%). 
2-Acetamido-5-methoxybenzotrifluoride.—2-Nitro-5-methoxybenzotrifluoride (10 g.) was reduced by 
tin (10 g.) and + omar acid (100 c.c.). After steam distillation the product was obtained as a 
colourless oil which was acetylated directly by acetic - ride and crystallised from aqueous alcohol in 
eon needles, m. p. 134° (Found : C, 51-2; H, 4-2; N, 6-2. C,,H,,O,NF;, requires C, 51-5; H, 4-3; 
N, 6-0%). 

m-T vifluoromethylbenzaldehyde.—m-Aminobenzotrifluoride (80 g.) was stirred with concentrated 
hydrochloric acid (95 c.c.) and water (400 c.c.) and diazotised at 0° by the addition of sodium nitrite 
(34-5 g.) in water (82c.c.). The diazonium solution was made just alkaline to litmus by the addition of 
10% sodium carbonate solution and run into a solution of cuprous cyanide, prepared from sodium 
cyanide (50 g.) (Barber, J., 1943, 79), and covered with benzene (200 c.c.). The mixture was warmed to 
50° and filtered and the benzene layer separated, dried, and fractionated, to give m-trifluoromethy]l- 
benzonitrile (45 g.), b. p. 99°/40 mm., as a colourless on which quickly darkened on standing. Thus 
it was not analysed but converted immediately into the aldehyde as follows: m-trifluoromethylbenzo- 
nitrile (107 g.) was added with shaking to anhydrous stannous chloride (215 g.) in ether (500 c.c.) 
saturated with hydrogen chloride and the mixture left overnight. The aldimine stannichloride was 
removed by filtration, decomposed by the addition of water (500 c.c.), and steamedistilled. The crude 

















aldehyde was Ee via the hydrogen sulphite compound and then fractionated in an atmosphere of 


nitrogen. It had b. p. 883—86°/30 mm. The aldehyde rapidly oxidised in air to m-trifluoromethyl- 
benzoic acid, m. p. 104° (Roberts and Curtin, J. Amer. Chem. Soc., 1946, 68, 1660, give m. p. 
as 103—104-5°). The aldehyde readily formed a 2: 4-dinitrophenylhydrazone, crystallising from 
ethanol—chloroform in yellow needles, m. p. 259° (Gilman e¢ al., ibid., p. 426, give m. p. 259—260°). 


The authors wish to thank Professor A. Robertson, F.R.S., for an authentic imen of 5-nitro-4- 
amino-2-methoxytoluene, and Dr. J. Chapman for the preparation of the benzotrichloride. 
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$20. The Acylation of Naphthalene by the Friedel-Crafts Reaction. 
By G. BapDELEY. 


Naphthalene has been acetylated and benzoylated in both methylene and ethylene chlorides. 
Almost exclusive «-substitution has been obtained in the absence of added reagents capable of 
combining with the acid chloride-aluminium chloride addition compound. Considerable 
B-substitution, particularly at higher temperatures, has been obtained in the presence of 
nitrobenzene, nitromesitylene, and excess of acid chloride respectively. It is suggested that 
this effect is due to the greater steric resistance to attack in the a-position by the more bulky 
aluminium chloride complexes. 


VARIATION in the site of substitution with experimental conditions is a striking feature of the 
chemistry of naphthalene which has so far not received an adequate explanation. The oldest 
and most familiar instance, that of sulphonation, is complicated by the reversibility of the 
reaction; but this difficulty does not apply to the process of acylation in the presence of 
aluminium chloride in which similar variations have been observed. The literature on the 
acetylation and benzoylation of naphthalene by the Friedel-Crafts method is summarised by 
Lock (Monatsh., 1943, 74, 77) and Thomas (‘ Anhydrous Aluminium Chloride in Organic 
Chemistry,”” Monograph Series No. 87, New York, 1941), and is somewhat conflicting. Un- 
fortunately, most of the reaction mixtures were heterogeneous, and the relative extents of «- 
and 8-substitution were seldom determined accurately. 
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Usually, the aluminium chloride has been added gradually to a mixture of acid chloride 
and hydrocarbon in carbon disulphide. Perrier (Bull. Soc. chim., 1903, $1, 859), also employing 
carbon disulphide as solvent, introduced the modification of first forming the acid chloride- 
aluminium chloride complex and subsequently adding the hydrocarbon. This procedure 
involves warming a mixture of the two chlorides, alone or in the presence of carbon disulphide, 
and though satisfactory with some acid chlorides, e.g., benzoyl chloride (Fieser, ‘‘ Experiments 
in Organic Chemistry,” 2nd Edit., p. 192), is unsatisfactory for general application owing to the 
low solubility of the complexes in carbon disulphide. This difficulty has now been overcome 
by employing solvents in which homogeneous solutions are readily obtained at ordinary tem- 
peratures. The following solvents, with their dielectric constants at 20° in parentheses, are 
in the order of decreasing ability to provide homogeneous solutions when molecular proportions 
of aluminium chloride and acety] chloride are brought together at 20°: ethylene chloride (10), 
methylene chloride (10), ethylidene chloride (10), ethylene bromide (6-3), ethyl bromide (9-4), 
acetylene tetrachloride (8-2), and chloroform (5-0). Carbon disulphide (2-6), carbon tetra- 
chloride (2-2), tetrachloroethylene (2-4), and light petroleum (ca. 2) are very poor solvents, 
p-Methoxybenzoyl chloride clearly demonstrates the limitations of carbon disulphide as a 
solvent in which to form an acid chloride—aluminium chloride complex. The gradual addition 
of aluminium chloride to a solution of p-methoxybenzoyl chloride in carbon disulphide: gives 
an insoluble complex which prevents ready contact between the two components. Raising 
the temperature does not overcome this low solubility, and is undesirable as demethylation 
ensues. No ready reaction occurs when naphthalene is added. On the other hand, two 
molecular proportions of aluminium chloride dissolve in a solution of p-methoxybenzoyl chloride 
in ethylene or methylene chloride. The clear solution of the complex ~-MeO’C,H,*COCI-2AIC]I, 
gives an immediate reaction with naphthalene and an excellent yield of «-p-methoxybenzoyl- 
naphthalene. 

Table I summarises results which have now been obtained by the acetylation and benzoyl- 
ation of naphthalene in ethylene and methylene chlorides at 35° by acid chloride—aluminium 
chloride complex (1 mol.) alone or in the presence of excess (1 mol.) of acid chloride or other 
selected agents (1 mol.). The acetic anhydride—aluminium chloride complex is also included 
as an acetylating agent. 

TaBLeE I. 
Expt. Acylating Selected a- and B-Naphthy] ketones. 
agent (1 mol.). agent (1 mol.). Yield, %.* a, te: B, 9 
(CH,°CO),0-2AICl, None 
CH,°COCI-AICI, 8 
CH,°COC1 
CH,-COCI-AICI, 
C,H,°COCl 
2: 4: 6-Me,C,H,-NO, 


C,H,;NO, 
C Hy 5 ‘NO,-AICl 
C,H, NO, as solvent 
=i 

-COCI 


CH +COCI-AICI, 
C,H,‘NO, 
ou Ds pepe 
NO, as solvent 
mic yNO Ox)s 
* The yields are only approximate, and differences of less than 5% are not significant. 


a The further acylation of the naphthyl ketone is a much slower reaction. 
b Benzoylnaphthalene (10%) was also obtained. 
¢ St. Pfau and Ofner (Helv. Chim. Acta, 1926, 9, 669) found a: B:: 11: 89. 


Almost pure a-naphthyl ketones are obtained in ethylene and methylene chlorides in the 
absence of reagents which combine with the acid chloride—aluminium chloride complex. Con- 
siderable $-substitution, comparable with that in nitrobenzene as solvent, occurs when mole- 
cular proportions of nitrobenzene, nitromesitylene, and additional acid chloride respectively 
are present. But it is again almost excluded when additional aluminium chloride is added to 
engage these reagents. §-Substitution is not greatly increased by the presence of m-dinitro- 
benzene; this reagent, apparently, although sufficiently basic to combine with aluminium 
chloride (Walker and Spencer, J., 1904, 85, 1106), does not combine appreciably with the acid 
chloride-aluminium chloride complex. The present work clearly indicates that the gradual 
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addition of aluminium chloride to a mixture of acid chloride and naphthalene must result in 
considerable 8-substitution especially during the first half of the addition. 

The need for use of at least one molecular proportion of aluminium chloride in such Friedel- 
Crafts reactions arises from combination of the chloride with the resulting ketone: 


R-CCI:O-AICI, + CyH, = CyH,-CR:O-AICl, + HCl 


and it is recognised that similar combination with the acid chloride used is the condition for 
occurrence of the reactions. The influence of the various substances added in the above 
experiments must be attributed to the fact that in these cases the substituting agent is not 
the acid chloride-aluminium chloride complex itself but a larger complex with the added 
reagent. One effect of such extended complex formation is to reduce the electron demand 
and hence the activity for acylation purposes. This is illustrated in Table II which summarises 
results which have been obtained at 35° by the addition of benzene, naphthalene, and anisole 
respectively to a solution of acetyl chloride (1 mol.) and aluminium chloride (1 mol.) in nitro- 
benzene and in ethylene chloride alone or in the presence of selected agents (1 mol.). It is, 


TABLE II. 


Reaction with : 
Solvent. ° benzene. naphthalene. 
Nitrobenzene 
Ethylene chloride ad 
” : m-C,H (NO), 
C,H,NO. 


(CoH), 
p-MeO-C,H,-COMe 
a Chopin (Bull. Soc. chim., 1924, 35, 610) observed that acetophenone can be prepared by the Friedel— 


Crafts method in nitrobenzene if undissolved aluminium ide is also present. This is, no doubt, a 
surface reaction. 


however, highly improbable that this effect promotes the $-substitution noticed in Table I, 
since the «-position in naphthalene is normally more reactive than the 8-, and shows itself to 
be so in the sulphonation reaction. Another explanation must therefore be sought, and it is 
suggested that this is to be found in the greater steric resistance to attack in the a-position 
by the more bulky aluminium chloride complexes. In the §-position, of course, no such 
resistance is encountered. 

Whereas Roux (Ann. Chim., 1887, 12, 289), Claus and Tersteegen (J. pr. Chem., 1890, 42, 
517), and Caille (Compt. rend., 1911, 158, 393) obtained increased yields of B-ketone at higher 
temperatures, Lock (loc. cit.) observed no change of the « : 8 ratio with temperature. Although 
the data now obtained and listed in Table III confirm the results of the earlier workers, the 
combined yields of a- and 8-naphthyl ketones are less at the higher temperatures, and the 
change in the «: 8 ratio may be due in part to a readier decomposition of the a-ketones. 
Table III shows the results when a solution of acid chloride (1 mol.) and aluminium chloride 
(1 mol.) in nitrobenzene was gradually added to a solution of naphthalene in nitrobenzene 
at the selected temperature. 

; Taste III. 
a- and B-Naphthyl ketones. 
Acid chloride. . Yield, %. 


EXPERIMENTAL, 
a- and B-Naphthyl Methyl Ketones.—The former (m. p. 10-5°, Lock, Joc. cit.) was identified by its 
icrate, m. p. 118° (Stobbe and Lenzner, Annalen, 1911, 380, 95). The m. p.s of mixtures of the two 
rs were as follows : 


80 75 70 =665 60 8655 50 = 45 40 
45-5° 43-0° 40-4° 37-5° 34-4° 31-0° 27-5° 23-6° 19-5° 


These data were applied to the analysis of the ketonic mixtures obtained in the reactions described 
below. The amount of the a-ketone was confirmed in each case by quantitative isolation of the picrate 
by the following method. The ketone (ca. 1 g.) was accurately weighed into a conical flask (100 c.c,) 
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together with picric acid (1-2 mols.). Ethanol (50 c.c.), saturated with the picrate of the a-ketone at 
18°, was added, and a homogeneous solution obtained by warming. After a day at 18° the picrate 
was isolated in a sintered glass funnel, washed with ethanol (10 c.c.) saturated with the picrate, dried, 
and weighed. Occasionally, depending on the amount of erent regen | the picrate had a low m. p. 
and was recrystallised from ethanol saturated with the picrate. e mixture was again left for a day 
at 18° before the picrate was isolated and weighed. Each analysis was duplicated using pure a-naphthyl 
methyl ketone. A similar procedure in which the picrate of phenyl B-naphthyl ketone was quanti- 
tatively isolated, purified, and weighed, was employed to confirm the composition of mixtures of 
phenyl «- and £-naphthyl ketones. 

(1) Acetic anhydride (20-4 g.; 1 mol.) was gradually added to a well stirred mixture of aluminium 
chloride (56 g.; 2 mols.) in ethylene chloride (100 c.c.). After $ hours’ stirring, a solution of naphthalene 
(25°6 g.) in ethylene chloride (50 c.c.) was gradually added. The temperature was kept at 35° during 
the addition, but was subsequently raised to 50° to complete the reaction. After decomposition with 
dilute hydrochloric acid the product steam a fraction (20 g.; b. p. 163°/15 mm.; m. 2 9-0° and 
mixed m. p. 9-5° with pure a-naphthyl methyl ketone) which was almost pure a-naphthyl methyl 
ketone. Picrate analysis indicated 97:5% of a- me. 

(2) A solution of acetyl chloride (8 g.; 1 mol.) and aluminium chloride (14 g.; 1 mol.) in ethylene 
chloride (30 c.c.) was gradually added to a solution of naphthalene (13 g.) in ethylene chloride (30 c.c.) 
at 35°. A ready reaction occurred, and a solid separated. The mixture was decomposed with dilute 
hydrochloric acid, and the product provided a fraction (16 g.; b. p. 163°/15 mm.; m. p. 9-0° and mixed 
m. p. 9-5° with pure a-naphthyl methyl ketone) which was almost pure a-naphthyl methyl ketone. 
Picrate analysis indicated 98% of a-ketone. A similar result was obtained when the solution of naphth- 
alene was gradually added to the solution of acetyl and aluminium chlorides. 

(3) Experiment (2) was repeated, using acetyl chloride (16 g.; 2 mols.), and the product provided 
a fraction (13 g.; b. p. 165°/15 mm.; m. p. 20-0°) which contained 40-5% of B-ketone (60-5% of a-ketone 
by picrate analysis). 

(4) The above rior was repeated with aluminium chloride (28 g.; 2 mols.). The product 
provided a fraction (16 g.) which was almost pure a-ketone, m. p. 9-0° and mixed m. p. 9-5°. Picrate 
analysis indicated 98-0% of a-ketone. 

(5) A solution of benzoyl chloride (14 g.; 1 mol.), acetyl chloride (8 g.; 1 mol.), and aluminium 
chloride (14 g.; 1 mol.) in ethylene chloride (30 c.c.) was added to a solution of naphthalene (13 g.) 
in ethylene chloride (25 c.c.) at 35°. Naphthyl methyl ketones (12 g.; b. p. 165°/15 mm.; m. p. 34-0°) 
and phenyl eS ketones (3 g.; b. p. 223°/15 mm.) were obtained. The mixture of methyl ketones 
contained 59-5% of B-ketone (40% of «-ketone by a analysis). 

(6) A solution of nitromesitylene (20 g.; 1-2 mols.), acetyl chloride (10 g.; 1-2 mols.), and aluminium 
chloride (17 g.; 1-2 mols.) in ethylene chloride (25 c.c.) was added to a solution of naphthalene (13 g.) 
in ethylene chloride (25 c.c.) at 35°. The product provided a fraction (15 g.; m. p. 42-5°) which con- 
tained 74% of B-ketone (28-5% of a-ketone by picrate analysis). 

(7) The nitromesitylene in the above experiment was replaced by nitrobenzene (15 g.; 1-2 mols.), 
and the product provided a fraction (14 g.; m. p. 34-0°) which contained 59-5% of B-ketone (41% of 
a-ketone by picrate analysis). 

(8) The previous experiment was repeated with aluminium chloride (34 g.; 2-4 mols.), and almost 
pure a-ketone (14-8 g.) was obtained. Picrate analysis indicated 97-5% of a-ketone. 

(9) Experiment (2) was repeated with nitrobenzene as solvent. The ketone (14 g.; m. p. 38-0°) 
contained 66% of B-ketone (35% of a-ketone by picrate analysis). At 100° the reaction provided 
ketone (13 g.; m. p. 43-0°) containing 75% of B-ketone (26% of a-ketone by picrate analysis). The 
reaction was also carried out at 120°; the resulting ketone (12 g.; m. p. 46-0°) contained 81% of 
B-ketone (22% of a-ketone by picrate analysis). 

a- and B-Benzoylnaphthalene.—These, m. p. 75-5° and 82-0° respectively (Mollarits and Merz, Ber., 
1873, 6, 541), gave picrates, m. p. 75° (Found: N, 9-2. Calc. for C,,H,,0,N,;: N, 9-1%), and 115° 
(Rousset, Bull. Soc. chim., 1896, 15, 71) respectively. The m. p.s of mixtures of the two ketones were 


as follows: 

6. HH  Katecsecccsnsscciee 100 95 90 85 80 75 70 65 60 
billlb  Steresenseoneseces 82-0° 78-1° 741° 70-2° 66-3° 62-4° 58°4° = 4-5° 51-0° 

TT apecielcagenses 100 95 90 85 80 75 70 65 60 

Be Ds. ceccencddvccésaones 715-5° 72-8° 70-1° 67-5° 65-0° 62-4° 59-8° 57-3° 55-0° 


These data were applied, in the manner described in Experiment 11, to the analysis of the ketonic 
mixtures obtained in the following reactions. 

(10) A solution of naphthalene (128 g.) in ethylene chloride (200 c.c.) was added to a solution of 
aluminium chloride (140 g.; 1 mol.) and benzoyl chloride (141 g.; 1 mol.) in ethylene chloride (200 c.c.) 
at 35°. The product provided a fraction (200 g.; wt 225°/15 mm.; m. p. 73-0° and mixed m. p. 74-5° 
with the pure a-benzoylnaphthalene) which contained 96% of a-ketone. The result was the same when 
the order of mixing was reversed. 

(11) A solution of naphthalene (13 g.) in ethylene chloride (25 c.c.) was added to a solution of 
aluminium chloride (14 g.; 1 mol.) and benzoyl chloride (30 g.; 2 mols.) in ethylene chloride (30 c.c.) 
at 35°. The final product provided a fraction (14 g.) which melted at 55°. This m. p., which was 
raised by small additions di -ketone and depressed by small additions of B-ketone, indicated 60% of 
a-ketone. The product (2°35 g.; m, p. 55-0°) and pure a-ketone (0-22 g.) gave a mixture (m. p. 56-5°) 
compatible with 63-4% of a-ketone; the su uent addition of pure -ketone (1-50 g.) gave a mixture 
(m. p. 51-0° and raised by small additions of B-ketone) compatible with 60% of £-ketone. Thus the 
initial ketone mixture contained 60% of a- and 40% of B-benzoylnaphthalene. 

(12) The above experiment was repeated with aluminium chloride (28 g.; 2 mols.). The product 
provided a fraction (20 g.) which contained 96% of a-ketone, 
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(13) A solution of naphthalene (13 g.) in ethylene chloride (25 c.c.) was added to a solution of 
aluminium chloride (14 g.; 1 mol.), benzoyl chloride (14 g.; 1 mol.) and nitrobenzene (12-5 g.; 1 mol.) 
in ethylene chloride (30 c.c.) at 35°. The product provided a fraction (18-5 g.) which contained 70% 
of a- and 30% of £-ketone. 

(14) When aluminium chloride (28 g.; 2 mols.) was ae in the foregoing experiment, the 
product _— a fraction (19-5 g.) which contained 96% of a-ketone. 

(15) Experiment (13) was repeated usi nitrobenzene as solvent. The reaction was sow and 
the product provided a fraction (17-5 g.) which contained 68% of a- and 32% of f-ketone. At 150° 
the reaction provided a mixture (12-5 g.) of 38% of a- and 62% of f-ketone. 

(16) When the nitrobenzene in experiment (13) was replaced by m-dinitrobenzene (17 g.; 1 mol.), 
the product provided a fraction (18-5 g.) which contained 90% a- and 10% of -ketone. 

p-Methoxybenzoylnaphthalene.—p-Methoxybenzoyl chloride (17 g.) in ethylene chloride (50 c.c.) 
was shaken in the cold with aluminium chloride (33 g.), and the clear solution decanted from undis- 
solved aluminium chloride (3 g.). A ready reaction occurred on addition of naphthalene (13 g.) in 
ethylene chloride (50 c.c.). The mixture was decom with ice and dilute hydrochloric acid, and 
the ethylene chloride layer was separated, washed with dilute sodium hydroxide solution, and dried 
(K,CO;). Distillation provided a fraction, b. p. 274—275°/15 mm. (22 g.; 85%), which readily solidified 
and recrystallised from ethanol in colourless ere m. p. 101—101-5° (Found: C, 82-3; H, 5-4. Calc. 
for C,,H,,O,: C, 82-45; H, 53%). This substance is identical (m. p. and mixed m. p.) with the pro- 
duct of the Friedel-Crafts reaction between «-naphthoyl chloride and anisole (Meister, Lucius and 
Briining, B.P., 234,173, 1924) and is, therefore, a-p-methoxybenzoylnaphthalene. 
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$21. Ultra-violet Absorption Spectra of N-Nitrosophenylglycine and 
its Benzyl Ester, and of Six Sydnones. 


By J. C. Eart, R. J. W. Le Févre, and I. R. WItson. 


N-Nitroso-N-phenylglycine, its benzyl ester, and N-nitrosomethylaniline are found to have 
very similar ultra-violet absorptions between 2300 and 4000 a., suggesting that the acid has an 
open chain rather than a cyclic structure. Six sydnones examined resembled one another in 

absorbing with the same order of intensity between the limits 3100 and 3400 a. These new 
observations are discussed vis-a-vis various recorded data for other substances; they are not at 
variance with the view (cf. J., 1948, 2269) that sydnones form a class with an unusual 
mesomeric heterocyclic nucleus as a common feature throughout. 


THIS paper records ultra-violet spectrographic evidence bearing upon two questions associated 
with the chemistry of the sydnones. 

(a) The Structure of N-Nitroso-N-phenylglycine.—In a previous paper (jJ., 1948, 2269) 
Earl, Leake, and Le Févre remarked that the N-nitroso-monosubstituted glycines (from 
which sydnones are produced by the dehydrating action of acetic anhydride) might have one 
of several structures some of which were ‘‘Zwitterionic’’. The dielectric evidence was against 
a structure of the latter type but did not assist in a choice between formulz (I) and (II). 


R-N(NO)-CHR’-CO,H 5% ches 


N(OH)— 
(I.) (II.) 


On the assumption that an ester of (I) would be unlikely to undergo internal addition to form 
a molecule of type (II), we have examined the ultra-violet spectrum in alcohol of N-nitroso-N- 
phenylglycine, in relation to that of its benzyl ester, and N-nitrosomethylaniline. Fig. 1 
displays the results, the essential features of which are : 


Amax. (A-). 10g 19 €. 


N-Nitroso-N-phenylglycine ...........scseecesseseeseeeeees 2700 3-70 

is os a benzyl ester ...........0006 2750 3-83 
N-Nitrosomethylaniline  .............ccccccscscsscecsccccses 2750 3-86 
N-PheMyISyRoMe .....ccccccosccccccsccscccccocccococccsccsccs 3100 3-67 


The fourth curve has been included to emphasise the difference between phenylsydnone 
(No. 4) and its precursor, nitrosophenylglycine (No. 1). 

The similarities, not only of A,,,, but also of general contour, among the first three spectra 
strongly suggest a near relationship for the molecules concerned. Of formulz (I) and (II), the 
former accordingly seems preferable. 
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Our present results, by implication, also provide an argument, additional to that in the 
earlier paper quoted above, against a “ Zwitterion” structure. In general, it appears that 
the spectra of an amine and its related ammonium salts differ in that certain characteristic 
absorptions appear at shorter wave-lengths with the latter than with the former [e.g. 350 a. 
between a-C,,H,*NH, and (a-C,,H,"NH,)Cl (Rollett, Sitzungsber. Akad. Wiss. Wien, Abt. IIb, 
1937, 146, 425), 600 a. between anthranilic acid and its hydrochloride, or 300 a. between 
o-toluidine and its hydrochloride (Ramart-Lucas, Bull. Soc. chim., 1936,3, 726)]. Other examples 
are to be found in Ph*NO and Ph:NO, (see later), and in comparisons between amines and 
amine oxides (French and Gens, J. Amer. Chem. Soc., 1937, 59, 2600). 
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A, mp. 
Curve No. 1 ... N-Nitroso-N-phenylglycine. 
2 ... N-Nitroso-N-phenylglycine benzyl ester. 
3 ... N-Nitrosomethylaniline. 
4... N-Phenylsydnone. 


This movement of A,,,,. to shorter wave-lengths as the nitrogen becomes a positive pole is 
thus seen to be often considerable. Yet N-nitroso-N-phenylglycine and its ester have maxima 
only 50a. apart. On the whole, therefore, we submit that the spectroscopic indications are 
against a structure containing quaternary nitrogen. 

» (b) The Structure of the Sydnones.—Earl, Leake and Le Févre (loc. cit.), reviewing the dipole- 
moment evidence, found nothing against the view that the sydnones possessed a common 
structural atomic arrangement. If this is correct the same qualitative spectral similarities as 
are found between members of other heterocyclic families should appear among the sydnones. 

Fig. 2 and the following Table refer to solutions in ethyl alcohol : 


Sydnone. an log €. a log €. 
BONE NH cnncnndencaccossdaassescogsscece 3100 3-67 oo —- 
C-Bromo-N-phenyl- ............sseeee0e 3200 3-88 2450 3-8 
N-p-Bromophenyl- _ ..........ss2eeeeee 3150 3-74 2550 4-06 
SURI nandocnsnecesternnenarancees 3400 3-97 2450 4-01 
FE IRMIUYE”  sccccccncscscncccovcessctce (3150 3-8) 2950 3-98 
PEOEEEMENE?: axincnivcconscescccesseesesstaces 2900 3-61 (2600 3-1) 
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A preliminary examination of N-phenylsydnone was made during 1946 by F. B. Strauss who 
reported (private communication) “maxima at 3095 a. (emss’ 5120) and 2350 a. (emss’ 8540), 
minimum at 2870 a. (em 3870). There is an inflexion (phenyl absorption) at 2650 a. 
(e™* 5530)”. The solvent is not stated. Our extinction coefficients for A = 3100 and 2875 a. 


are somewhat lower (log ¢ = 3-67 against Strauss’s 3-71, and 3-44 against 3-59), but it is clear 
that the two independent results are in general agreement. 
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300 

A,m. 
Curve No. 1 ... N-Phenylsydnone. 
2 ... C-Bromo-N-phenylsydnone. 
Swe crowns ea gmaaa 
4... NC-Diphenylsydnone. 
5 ... N-B-Naphthylsydnone. 
6 ... N-Benzylsydnone. 


Fig. 2 therefore illustrates what we hoped to show, namely that the ultra-violet absorptions 
of different sydnones occur at roughly common wave-lengths and with the same order of 
intensities throughout. The variations from case to case are not greater than those fou.d with 
other series, e.g. acridine and its amino- or hydroxy-derivatives (Craig and Short, J., 1945, 419; 
Turnbull, ibid., p. 441; Albert and Short, ibid., p. 760), 1: 2: 3-benztriazoles (Macbeth and 
Price, J., 1936, 111), or various p-benzoquinones (Braude, J., 1945, 490). The marked change 
of A,,.x. from the three N-nitroso-compounds to N-phenylsydnone (2700—2750 a. to 3100 a.) is 
understandable if considered with the already well-established chemical fact (e.g. negative 
Liebermann test, Earl and Mackney, J., 1935, 899) that in the “‘sydnone”’ arrangement the 
-N=O group has lost its identity. 

Our measurements may be regarded, in terms of Braude’s review (Ann. Reports, 1945, 42, 
105), as cases of the type PhX where the phenyl group is in conjugation with other chromophores, 
so that the absorptions between 2450 and 2950 a. (log € ca. 4) are ‘“‘ K bands”’, and those around 
3200 a. (log € slightly less than 4) the results of absorptions due to the “‘sydnone”’ structure 
superimposed on the expected ‘‘B bands”’ (for which log ¢ is commonly 2—3). We note that 
the “‘K”’ peak at 2550 a. (log ¢ = 2-4; EtOH) for benzene appears at 2800. (log ¢ = 3-95; 
EtOH) in nitrosobenzene, at 2850 a. (log ¢ = 2-3; EtOH) in aniline, and at 2850 a. (loge = 3-2) 
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in phenylhydrazine (Braude, Joc. cit.; Biquard and Grammaticakis, Bull. Soc. chim., 1939, 6, 
1606). [Incidentally, comparison between the just quoted data for Ph-NO, and those for Ph:N O, 
2520 a., loge = 4 (hexane), provides a further example of the A shift caused by a positive charge 
on an arylated nitrogen.) The NC-diphenyl- and benzyl-sydnones differ most from phenyl- 
sydnone where the longer wave absorption is concerned, but this could be anticipated a priori 
since (a) in general, as the number of phenyl substituents in a molecule is increased, absorption 
at all regions tends to move to longer wave-lengths, and (b) where conjugation is broken (e.g. by 
a CH, group), and the chromophores thereby become more isolated, such displacement is 
usually less (Braude, loc. cit.; Jones, Chem. Reviews, 1943, $2, 1). The absorption at 2950 a. of 
naphthylsydnone is also not surprising, the corresponding absorption in the parent hydrocarbon 
being related to that in benzene in the same direction (C,H,, 2550 a.; C,)H,, 2750 a.). 


EXPERIMENTAL. 


Materials.—N-Nitroso-N-methylaniline . was prepared from purified methylaniline and redistilled 
immediately before use (cf. Beilstein, “ Handbuch”, 12, 579). The various sydnones were those already 
specified by Earl, Leake, and Le Févre (/oc. ctt.). 

Apparatus.—The majority of the measurements recorded in Figs. 1 and 2 were made initially with a 
Hilger Sector Photometer in conjunction with a quartz re. alcohol being the solvent throughout 
Later a Beckman (Model DU) photoelectric quartz spectrophotometey became available and several of 
the earlier curves were rechecked. The spectra of nitrosomethylaniline and NC-diphenylsydnone were 
studied only on the Beckmann instrument. 

Some early studies of the spectra of N-nitroso-N-methylaniline were described by Dobbie and Tinkler 
(J., 1905, 87, 278) and Baly and Desch (ibid., 1908, 98, 1759). Their curves are rough but indicate 
absorptions covering that at 2750 a. 
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$22. The Preparation of Potential Analgesic Compounds. Part I. 


By D. J. Brown, A. H. Cook, and (Sir) IAN HEILBRON. 


Experiments to obtain compounds of type (IV) (cf. “ Amidone,” III) or corresponding 
esters instead of ketones are described. Although (I) was prepared without difficulty, thiazolyl 
groupings could not be introduced directly into it. On the other hand (VI) and similar com- 
pounds were made via intermediates such as (V), but then neither ester nor ketone groupings 
could be introduced on the #ert.-carbon atom. Approximations to the required objectives were 
therefore prepared in the form of (IX) and (XII). 


In an attempt to extend our knowledge of the interdependence of analgesic response and 
molecular structure it was desired to prepare ketones typified by (I) (cf. analogous esters, Anker 
and Cook, J., 1948, 806), and ketones and esters having two strongly basic side chains, typified 
by compound (II). Secondly, in this connection, the insertion of a thiazole grouping into 
compounds of type (I) to produce substances comparable with “‘ Amidone ” (III), but having 
one of its phenyl groups replaced by a thiazole ring, was considered. With the spasmolytic 
and local anesthetic properties exhibited by basic thiazole derivatives in mind (Chance, Dirn- 
huber, and Robinson, Brit. J. Pharmacol. Chemother., 1946, 1, 153), it was possible that these 
compounds typified by (IV) might be an improvement on “‘ Amidone.”’ 


CH,°CO-CHPh:CH,CH,'NEt, CH,°CO-CPh(CH, CH, ‘NEt,), 
(I.) (II.) . 


CH,-CH,-CO-CPh,-CH,-CHMe-NMe, CH,-CO-CPh-CH,-CH, ‘NEt, 


(III.) 
an 


(IV.) 

Attempts to prepare the ketones of type (I) were first made by reaction of the appropriate 
nitriles with Grignard reagents. The basic nitriles, «-diethylaminoethyl- (Eisleb, Ber., 1941, 
74, 1433), «-piperidinoethyl-, and «-morpholinoethyl-benzyl cyanide (Anker and Cook, Joc. 
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cit.), were prepared directly from benzyl cyanide and the corresponding 2-chloroethylamine. 
The conversion into ketones, however, was unsatisfactory, and subsequently direct introduction 
of the basic side chain into benzyl methyl ketone was performed with the appropriate 2-chloro- 
ethylamine and sodamide to give 1-diethylamino-3-phenylpentan-4-one (I), 1-diethylamino-3- 
phenyl-2-methylpentan-4-one, and 1-morpholino-3-phenylpentan-4-one, the last being characterised 
as its picrate. 

While examining these possibilities, a second basic side chain was introduced into diethyl- 
aminoethylbenzyl cyanide by the sodamide—chloroalkylamine method, giving 1 : 5-bisdiethyl- 
amino-3-cyano-3-phenylpentane, characterised as its dipicrate. The base proved stable to alco- 
holic sulphuric acid at 150° for 4 hours, so it could not be converted directly into the corre- 
sponding ester, and therefore a ketone of type (II) was made otherwise. This was obtained 
from the sodio-derivative of 1-diethylamino-3-phenylpentan-4-one (I) and N-(2-chloroethy]l)- 
diethylamine, which afforded aa-bis(diethylaminoethyl)benzyl methyl ketone (II). 

The first approach to the heterocyclic representatives was made by converting diethy]l- 
aminoethylbenzyl cyanide into y-diethylamino-«-phenylthiobutyramide (V), characterised as its 
hydrochloride. Attempts to convert this into a thiazole with either chloroacetone or bromo- 
acetal failed. The required thiazole was, however, obtained by condensing phenylthioacet- 
amide, prepared by an improved method from benzyl cyanide, with chloroacetone. 2-Benzyl-4- 
methylthiazole (hydrochloride and picrate) proved to have a sufficiently reactive methylene group 
to undergo aminoalkylation by reaction of its sodio-derivative with various chloroethy] tertiary 
amines to give 4-methyl-2-(3’-diethylamino-1’-phenylpropyl)thiazole (V1) (and its dipicrate), 
4-methyl-2-(3’-piperidino-1'-phenylpropyl)thiazole (dipicrate), 4-methyl-2-(3’-morpholino-1’-phenyl- 
propyl)thiazole (dipicrate), and 4-methyl-2-(3’-diethylamino-1’-phenyl-2’-methylpropyl)thiazole 
(dipicrate). It was also found possible to condense the methylene group with 5-diethylamino- 
pentan-4-one in presence of sodium ethoxide to give 4-methyl-2-(5’-diethylamino-1’-phenyl-2’- 
methylpent-1-enyl)thiazole (VII). 


NEt,’CH,-CH,-CHPh-C(:NH)-SH Ph-CH-CH, ‘CH, NEt, iy aadanieasta 


; 2; 
N 
——|Me ——! Me 


(V.) (VI.) (VII.) 

Attempts were then made to introduce a ketone or ester group into 4-methyl-2-(3’-diethyl- 
amino-1’-phenylpropyl)thiazole, on the carbon atom carrying the basic side chain, to afford 
compounds of type (IV). Treatment of the sodium, potassium, or lithium derivatives of the 
thiazole with ethyl chloroformate, acetyl chloride, ethyl propionate, or ethyl carbonate proved 
abortive, and even the introduction by these means of a ketonic or ester group into the molecule 
without a basic side chain (e.g., into 2-benzyl-4-methylthiazole) was unavailing. Preliminary 
experiments suggested, too, that the latter substance, unlike diphenylmethane, yielded on 
bromination a mixture of highly brominated with unchanged material, so that the successive 
introduction of cyano- and ester groups by this means seemed hardly feasible. 

Because of the difficulties, an endeavour was made to use simple starting materials already 
containing an ester or ketone group. The introduction of a diethylaminoethyl group into 
a-propionylbenzyl cyanide (Bodroux, Bull. Soc. chim., 1910, 7, 851), however, failed, owing 
apparently to the almost electrovalent nature of the sodio-derivative of the latter, which made 
it impossible to attach the required grouping by means of N-(2-chloroethyl)diethylamine. To 
decrease this reactivity it was proposed to convert first the nitrile group into the thioamide and 
thence into the thiazole, before attempting to put on the basic side chain. «-Propionylbenzyl 
cyanide was therefore heated with alcoholic sodium hydrogen sulphide. The recovered material, 
however, proved to be only phenylthioacetamide. Another attempt was made by reaction of 
the sodio-derivative of benzyl methyl ketone with 2-chlorothiazole (prepared from 2-amino- 
thiazole by the method of McLean and Muir, J., 1942, 384), but here the chlorine atom proved 
too strongly held to undergo the desired reaction. 

It was thought possible that a substance without the phenyl group might still be an active 
analgesic agent. Ethyl 2-methylthiazole-4-acetate (VIII) was therefore prepared by condensing 
thioacetamide with 4-chloroacetoacetic ester (Alexandrow, Ber., 1913, 46, 1022). The methylene 
group, however, was here too unreactive to undergo aminoalkylation with N-(2-chloroethyl)- 
diethylamine and sodamide. 

Because of all these difficulties, a structural approximation to compounds of type (IV), 
with a carbethoxy-group attached to the thiazole nucleus instead of to the central carbon 
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atom, was considered. Condensation of phenylthioacetamide with 2-chloroacetoacetic ester 
(Dey, J., 1915, 107, 1646) resulted in 5-carbethoxy-2-benzyl-4-methylthiazole (characterised as its 
hydrochloride). . This reacted with chloroethyl ¢ert.-amines and sodamide to give, as viscous 
oils, 5-carbethoxy-4-methyl-2-(3’-diethylamino-1’-phenylpropyl)thiazole (IX), 5-carbethoxy-4-methyl- 
2-(3’-diethylamino-1’-phenyl-2’-methylpropyl)thiazole,  5-carbethoxy-4-methyl-2-(3'-piperidino-|’- 
phenylpropyl)thiazole, and 5-carbethoxy-4-methyl-2-(3’-morpholino-1’-phenylpropyl) thiazole. 


Ph-CH-CH,’CH,'NEt, 
Me 


2 \ 
—=!CH,-CO,Et CO,Etl—=!Me 


(VIII.) (IX.) 


Finally, however, a much nearer approach to compounds of type (IV) was found. Despite 
the failure to condense 2-chlorothiazole with benzyl methyl ketone mentioned above, it was 
thought that a chloromethylthiazole might prove more reactive. Starting with the easily 
accessible benzoyloxythioacetamide (X) (Olin and Johnson, Rec. Trav. chim., 1931, 50, 72), 
condensation with chloroacetone gave 4-methyl-2-benzoyloxymethylthiazole (XI) (picrate). The 
benzoyl group was removed by alkaline hydrolysis and the resulting 4-methyl-2-hydroxymethyl- 
thiazole (picrate) converted with thionyl chloride in benzene into 4-methyl-2-chloromethylthiazole 
(hydrochloride and picrate). Reaction with benzyl cyanide in the presence of sodamide gave 
4-methyl-2-(2’-cyano-2’-phenylethyl)thiazole (picrate), though in very small yield. The original 
thiazole reacted, however, with the sodio-derivative of benzyl methyl ketone to give in good 
yield 4-methyl-2-(2’-phenylbutan-3’-onyl)thiazole (picrate), which with N-(chloroethyl)diethyl- 
amine in the presence of sodamide afforded a good yield of 4-methyl-2-(4’-diethylamino-2’-acetyl- 
2’-phenylbutyl)thiazole (XII). Similarly 4-methyl-2-(4’-morpholino-2’-acetyl-2’-phenylbutyl)thi- 
azole was prepared, though in less satisfactory yield. These last two compounds differ from 
those of type (IV) only in that the thiazole nucleus is removed from the rest of the molecule 
by a methylene group. 


Ph-CO-O-CH,C(:NH)-SH Ph-CO-O-CH, — 


‘\ ‘\ 
__|Me =——!Me 
(X.) (XI.) (XII.) 


Many of the above compounds were examined for analgesic activity without useful result. 


EXPERIMENTAL, 


To a stirred solution of benzyl methyl ketone (13-4 g.) and N-(2-chloroethyl)diethylamine (13-5 g.) 
in dry toluene (50 c.c.) was added, during 10 minutes at below 35°, sodamide (3-9 g.). The mixture 
was gently refluxed for 14 hours, cooled, and water added. The basic product was isolated by extract- 
ing the toluene layer with hydrochloric acid (120 c.c., 2), basifying with sodium hydroxide, and ether 
extracting. par a mr ak ma, gmat ge was a colourless oil of b. p. 102—105°/0-1 mm., 
ny ma yield, 10 g. (Found: C, 77-2; H, 9-85; N, 6-1. C,,H,,ON requires C, 77-2; H, 9-95; 
N, 6-0%). 

In the same way, from benzyl methyl ketone (13-4 g.) and N-(2-chloroethyl)morpholine (15-0 g.), 
was obtained 1-morpholino-3-phenylpentan-4-one, a colourless oil, b. p. 127—128°/0-01 mm.; 8 g., 
nf 1-5180 (Found: C, 72-7; H, 84; N, 5-45. C,,H,,0O,N requires C, 72:8; H, 8-6; N, 5-65%). 
The “954 ye from ethanol in laths, m. p. 109° (Found : C, 52-7; H,5-0. C,,H,,0,N, requires 
C, 52-9; H, 51%). 

Similarly from benzyl methyl ketone (7-2 g.), N-(2-chloropropyl)diethylamine (8 g.), and sodamide 
(21 g.) was obtained 1-diethylamino-3-phenyl-2-methylpentan-4-one, b. p. 108°/0-5 mm., nf” 1-4953; 
3-4 g. (Found: N, 5-4. C,,H,,ON requires N, 5-65%). 

I-Diethylamino-3-phenylpentan-4-one (11 g.), N-(2-chloroethyl)diethylamine (7-0 g.), and sodamide 
(2 g.) were refluxed with stirring in toluene (30 c.c.) for 1} hours. After cooling, water was added, and 
the toluene layer fractionated. The highest fraction was aa-bis(diethylaminoethyl)benzyl methyl ketone, 
b. p. 125°/0-05 mm.; 2 g., n#” 1-5010 (Found: C, 75-5; H, 10-9; M, by titration with n/20-HCl, 327. 
C,,H,,ON, requires C, 75-8; H, 10-9%; M, 332). 

2-Diethylaminoethylbenzy! cyanide was prepared according to Eisleb (loc. cit.). The picrate 
crystallised 52% ethanol in flat prisms, m. p. 112° (Found: C, 54:0; H, 5-5. C, 9H,,0,N, requires 
C, 53-9; H, 52%). 

To a stirred solution of 2-diethylaminoethylbenzyl cyanide (10-8 g.) and N-(2-chloroethyl)diethyl- 
amine (6-8 g.) in dry benzene (35 c.c.) was added during 10 minutes powdered sodamide (2-0 g.). After 
20 minutes below 40°, the suspension was refluxed for one hour. It was cooled, water added, and 
the benzene layer fractionated. 1 : 5-Bisdiethylamino-3-cyano-3-phenylpentane had b. p. 149—151°/0-1 
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mm.; 6-5 g. (41%), n}¥" 1-5050 (Found : C, 76-2; H, 10-4; N, 13-4. C,,H,,N, requires C, 76-1; H, 10-5; 
N, 133%). The dipicrate crystallised from ethanol in deep yellow prisms, m. p. 157° (Found : C, 49-6; 
H, 5°3. C,,H,,0,,N, requires C, 49-7; H, 5-1%). 

2-Piperidinoethylbenzyl cyanide was prepared directly thus: To benzyl cyanide (15 g.) and N-(2- 
chloroethyl)piperidine (19 g.) in benzene (40 c.c.) was added slowly, with stirring, powdered sodamide 
(5 g.). The temperature was kept below 35°, but later the mixture was refluxed for 1} hours, cooled, 
water added, and the benzene layer fractionated twice. The colourless oil had b. p. 143—146°/0-05 mm. ; 
15 g. (52%). ni?” 1-5250. The picrate gave no m. p. depression with that of dale and Cook (loc. cit.); 
m. p. Ps 


n the same way 2-morpholinoethylbenzyl cyanide was prepared directly : yield 44% of a colourless 
oil, b. p. 150—154°/0-1 mm., n}f 1-5310, nf" 1-5280. Identity was established by alcoholysis to ethyl 
ea) henylbutyrate, and the hydrochloride analysed (Found: C, 61-8; H, 7-5. Calc. for 
C,,H,,O; : C, 61-3; H, 7-7%). 

Diethylaminoethylbenzyl cyanide (5 g.) was sealed with a mixture of saturated alcoholic ammonia 
(15 c.c.) and alcohol (15 c.c.) which had cen saturated at 0° with hydrogen sulphide. After 2 hours’ 
heating at 90°, the alcohol was removed in a vacuum, water added, and the oil extracted with chloro- 
form. The residue on evaporation was triturated with 2n-hydrochloric acid. White y-diethylamino-a- 
phenylthiobutyramide hydrochloride crystallised from ethanol, m. p. 187°. It — positive tests for 
nitrogen, a and ionic chloride; yield 2-0 g. (Found: S, 11-7. C,,H,,N,CiS requires S, 11-2%). 

To benzyl cyanide (36 g.) in alcohol (280 c.c.) was added sodium hydroxide (28 g.) in water (55 c.c.), 
and the mixture saturated with amp pe sulphide at 0°. After standing at room temperature for 3 
days, the solution was refluxed while a swift stream of hydrogen sulphide was passed through it for 
$3 hours. It was cooled, and poured into ice and water (1-5 1.). The oil solidified, and was filtered off 
and treated on a porous tile when necessary; yield of phenylthioacetamide, dried over sulphuric acid, 
26 g. (58%). It was purified by dissolving in boiling benzene (160 c.c.), filtering, and adding petroleum 
(b. p. 100—120°, 190 c.c.). The precipitated material was redissolved by heating and deposited in 
long needles, m. p. 97—98° (lit., m. p. 97-5°). 

Phenylthioacetamide (22-5 g.) and chloroacetone (11-3 c.c.) in dry alcohol (100 c.c.) were refluxed 
for 4 hour after the initial vigorous reaction. The condenser was removed, and the bath temperature 
raised to 115—120° for 2 hours. The residue solidified on scratching and cooling. Recrystallisation 
from dioxan (80 c.c.) gave white, slightly hygroscopic, plates of 2-benzyl-4-methylthiazole hydrochloride, 
m. p. 122—123°; 21 g., 62% (Found: C, 57-5; H, 5-4. C,,H,,NCIS requires C, 57-5; H, 5-4%). 
This hydrochloride (19 g.), treated in aqueous solution with sodium hydroxide, gave 13-7 g. of 2-benzyl- 
4-methylthiazole, b. p. 94—96°/0-1 mm., n}~ 1-5812 (Found: C, 70-2; H, 5-9. C,,H,,NS requires 
C, 69-9; H, 5-9%). The picrate crystallised from ethanol in plates, m. p. 121° (Found: C, 48-9; H, 3-5. 
C,,H,,0,N,S requires C, 48-8; H, 3-4%). 

2-Benzyl-4-methylthiazole (7-4 g.) and N-(2-chloroethyl)diethylamine (5-7 g.) were mixed in dry 
toluene (40 c.c.), and powdered amide (1-6 g.) added with mechanical stirring. The temperature 
was slowly raised to boiling and kept there for 14 hours. On cooling, water (30 c.c.) was added to 
dissolve salts, and the toluene layer separated and dried. The second fraction on distillation was 
4-methyl-2-(3'-diethylamino-1’-phenylpropyl)thiazole, a colourless oil, b. p. 125°0-1 mm.; 3-1 g., n}" 1-5425 
(Found: C, 71-0; H, 8-5. C,,H,,N,S requires C, 70-8; H, 84%). The dipicrate crystallised from 
ethanol in stout needles, m. p. 142° (Found : C, 46-8; H,-4-0. 30014N,S requires C, 46-7; H, 40%). 

In the same way from 2-benzyl-4-methylthiazole (7-4 g.) and N-(2-chloroethyl)piperidine (5-9 g.) 
were obtained 2-3 g. of aan a onc. ee lpropyl)thiazole, b. * 140—143°/0-1 mm., 
ny 1-5614 (Found: C, 71-5; H, 7-7; 9-1. C,,H,,N,S requires C, 71-9; H, 8-0; N, 93%). The 
We 40%) from ethanol, had m. p. 180° (Found: C, 47°65; H, 4:1. Cy9H390,,N,S requires C, 47-5; 

’ o/;* 

Similarly, from 2-benzyl-4-methylthiazole (7-6 g.) and N-(2-chloroethyl)morpholine (6-2 g.) with 
sodamide (1-7 g.) were obtained 2-2 g. of 4-methyl-2-(3’-mor ear ee me a b. p. 145— 
148°/0-05 mm., n}f” 1-5640 (Found: C, 67-3; H, 7-5; N, 93. Cy, “ON, requires C, 67-5; H, 7:3; 
N, 93%). The dipicrate from ethanol formed deep yellow, stout crystals, m. p. 170° (Found: C, 45-8; 
H, 3-8. C,9H,,0,,N,S requires C, 45-8; H, 3-7%). 

By the same method from 2-benzyl-4-methylthiazole (7-3 g.) and N-(2-chloropropyl)diethylamine 
(5-8 g.) was isolated 4-methyl-2-(3’-diethylamino-1’ ee ee ee 3-1 g., b. p. 128— 
130°/0-1 mm., n° 1-5380 (Found: C, 71-5; H, 8-6; N, 9-2. C,,H,,N,S requires C, 71-5; H, 8-7; 
N, 93%). The dipicrate, crystallised from ethanol, had m. p. 139—140° (Found: C, 47-6; H, 44. 
Cy9H;,0,,N,S requires C, 47-4; H, 4:2%). 

2-Benzyl-4-methylthiazole (5-7 g.) and 5-diethylaminopentan-2-one (4-7 g.) were refluxed in dry 
alcohol (20 c.c.) in which sodium (0-6 g.) had been dissolved, for 2 hours. On cooling, the solution 
was poured into ice-water (80 c.c.), and the oil removed in ether. The yellow oily 4-methyl-2-(5’-diethyl- 
amino-1’-phenyl-2'-methylpent-1’-enyl)thiazole (0-9 g.) had b. p. 145°/0-1 mm., n}f" 1-4920 (Found : N, 8-3. 
C,,5H,,N,S requires N, 8-5%). 

Action of Sodium Hydrogen Sulphide on a-Propionylbenzyl Cyanide.—a-Propionylbenzyl cyanide 
(4 g.), prepared according to Bodroux (loc. cit.), was added to a solution of sodium hydrogen sulphide 
(from sodium hydroxide 3 g., in water 6 c.c., and alcohol 30 c.c.). The solution was again saturated 
with hydrogen sulphide at 0° (pH 6—7). It was sealed and heated to 100° for 2 hours. The pH on 
opening was ca. 8. After addition of water, the oil was extracted with chloroform, dried, and evapor- 
ated; a solid remained, and treatment on a porous tile gave 1-1 g. of a white solid, m. p. 95°. Recrystal- 
lisation from benzen troleum gave needles, m. p. 98—99° (Found: C, 63-3; H, 6-0; S, 21-4. 
Calc. for CgH,NS: C, 63-5; H, 6-0; S, 21-2%), which gave no depression with authentic phenylthio- 
acetamide prepared from benzyl cyanide in the same way. 

Thioacetamide (51 g.), 4-chloroacetoacetic ester (110 g.; Alexandrow, Joc. cit.), pyridine (65 c.c.), 
and dry alcohol (120 c.c.) with a little sodium iodide were Feated gradually to about 100° under reflux ; 
a vigorous reaction took place, requiring immediate cooling in ice-water. After } hour’s refluxing, the 
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condenser was removed, and the flask heated in an oil-bath at 115° for 1 hour to remove some of the 
alcohol. The residue was cooled, poured into ice-water (250 c.c.), and the oil extracted with ether, 
Two distillations gave ethyl 2-methylthiazole-4-acetate as a clear, slightly yellow oil (65 g.), b. p. 82— 
83°/0-1 mm., n}f” 15110 (Found: C, 51-4; H, 6-1; N, 7-8. C,H,,O,NS requires C, 51-9; H, 6-0; 
N, 76%). The substance was very weakly basic but gave a hygroscopic hydrochloride from ether. 

Phenylthioacetamide (43 g.), 2-chloroacetoacetic ester (50 g. ; , foc. ctt.), and dry alcohol (90 c.c.) 
containing a little sodium iodide were heated under reflux at 100°, until the first vigour of reaction 
subsided. The condenser was removed, and the bath raised to 110—115° for 14 hours. The hydro- 
chloride solidified on cooling and scratching. It was broken up in a mixture of sodium carbonate 
solution (15 g./200 c.c.) onl ether (150 c.c.). Two clean layers gradually formed. After a second 
extraction, the ethereal solution was well dried (Na,SO,), and the hydrochloride reprecipitated with 
hydrogen chloride to remove non-basic material. It was filtered off, washed with ether, and con- 
verted into the base again as above. 5-Carbethoxy-2-benzyl-4-methylthiazole distilled as a yellow oil 
(27 g.), e 141—144°/0-02 mm., nf" 1-5650 (Found : C, 64-4; H, 5-5; N, 5-45. C,,H,,O,NS requires 
C, 64-3; H, 5-8; N, 535%). The hydrochloride, from the distilled base, rt ce ogee from dioxan in a 
felt-like mass of needles, m. p. 145°, soluble only in concentrated hydrochloric acid (Found: N, 4-9. 
C,,H,,0,NCIS — N, 47%). 

Carbethoxy- -benzyl-4-methylthiazole (7-8 g.) and N-(2-chloroethyl)diethylamine (4-4 g.) were 
mixed with toluene (30 c.c.) and powdered sodamide (1-2 g.), and gently refluxed for 3 hours. The 
mixture was cooled, and water (30 c.c.) added to dissolve salt. The toluene layer was extracted with 
acetic acid (7%, 4 x 50 c.c.) to separate weakly basic unchanged thiazole from the strongly basic pro- 
duct. The extract was made well alkaline with sodium hydroxide solution (ice added), and the oil 
extracted with ether. a ea eg rg erg on age was a yellow 
oil, b. p. 155—158°/0-1 mm., nf” 1-5390; 2-1 g. (Found : C, 66-2; H, 7-7; N, 7-9. C.9H,,0,N,S requires 
C, 66-6; H, 7-8; N, 7:8%). 

In a similar way from 5-carbethoxy-2-benzyl-4-methylthiazole (7:8 g.) and ee 
diethylamine (4-7 g.) was obtained 5-carbethoxy-4-methyl-2-(3’-diethylamino-1'-phenyl-2’-methylpropyl)- 
thiazole; 2-7 g., ~e 175—177°/0-05 mm., n}§° 1-5338 (Found : C, 67-2; H, 8-1; N, 7-5. C,,H,0,N,S 
requires C, 67-3; H, 8-1; N, 7-5%). 

Likewise, from 5-carbethoxy-2-benzyl-4-methylthiazole (15-6 g.), N-(2-chloroethyl)piperidine (9-7 g.), 
and sodamide (2-5 g.) in toluene (60 c.c.), was obtained 5-carbethoxy-4-methyl-2-(3’-piperidino-1’-phenyl- 
Srpaeents, b. p. 173—175°/10 mm.; 4 g., nm} 15545 (Found: N, 7-5. C,,H,,0,N,S requires 

» 15%). 

Similarly, from 5-carbethoxy-2-benzyl-4-methylthiazole (11-9 g.), N-(2-chloroethyl)morpholine 
(8-1 g.), and sodamide (1-8 g.) were obtained 2-0 g. of 5-carbethoxy-4-methyl-2-(3’-morpholino-1’-phenyl- 
propyl)thiazole, b. p. 178—182°/0-05 mm., n}§ 1-5586 (Found: C, 63-5; H, 7-0; N, 7:5. C,,H,,0,N,S 
requires C, 64-1; H, 7-0; N, 7-5%). 

Benzoyloxythioacetamide (125 g.; Olin and Johnson, Joc. cit.), chloroacetone (55 c.c.), pyridine 
(50 c.c.), dry alcohol (250 c.c.), and a little sodium iodide were refluxed on a steam-bath for 1} hours, 
then cooled, poured into ice-water, and the oil removed with ether. Distillation gave 90 g. of a red 
oil containing some solid material; boiling range, 130—160°/0-1 mm. This material is best used 
directly for conversion into 4-methyl-2-hydroxymethylthiazole. A sample was purified by precipitating 
the hydrochloride from dry ether and regenerating the base. Pure 4-methyl-2-benzoyloxymethylthiazole 
had b. p. 125—127°/0-1 mm., and distilled as a clear yellow oil, n?” 1-5702 (Found: N, 6-0. C,,H,,0,NS 
requires N, 6-0%). The picrate crystallised in long needles from ethanol, m. p. 145° (Found : C. 47-0; 
H, 2-95. C,,H,,0,N,S requires C, 46-8; H, 3-05%). 

The crude 4-methyl-2-benzoyloxymethylthiazole (64 g.) was hydrolysed with sodium hydroxide 
(14 g.) and water (75 c.c.) by refluxing vigorously over a gauze for 1 hour, the layers then having dis- 
appeared. The foul-smelling solution was extracted 6 times with ether (150 c.c. each). 4-Methyi-2- 
hydroxymethylthiazole had © % 86°/0-1 mm.; 22 g., n}#° 1-5495 (Found: C, 46-9; H, 5-8; N, 10-8. 
C,H,ONS requires C, 46-5; H, 5-5; N, 10-8%). The picrate formed stout prisms from ethanol, m. p. 
132° (Found: C, 37-3; H, 2-9. C,,H,,0O,N,S requires C, 36-9; H, 2-8%). 

To 4-methyl-2-hydroxymethylthiazole (60 g.) in dry benzene (120 c.c.), stirred and maintained 
below room temperature, was added thionyl chloride (45 c.c.) in benzene (100 c.c.). After 50 mins.’ 
heating on the water-bath, all volatile matter was removed at the water pump while still warming. 
The solid was dissolved in water, neutralised with sodium hydrogen carbonate, and the base extracted 
with ether. 4-Methyl-2-chloromethylthiazole distilled as a colourless liquid (56 g.), reg be a few 
days; b. p. 92°/20 mm., n}!* 1-5442 (Found: N, 9-6. C,H,NCIS requires N, 95%). The ae is a 
powerful skin irritant, but is not lachrymatory. The hydrochloride, from dry ether, crystallised in 
clusters of stout needles from dioxan; m. p. 152° (Found: N, 7-6. C,H,NCI1,S requires N, 7-6%). The 
picrate formed large crystals from ethanol; m. p. 120° (Found: N, 14-9. C,,H,O,N,CIS requires N, 149%). 

Powdered sodamide (3-9 g.) was added slowly with stirring to a mixture of benzyl methyl ketone 
(13-4 g.) and 4-methyl-2-chloromethylthiazole (14-8 g.) in toluene (50 c.c.). The temperature was kept 
below 40° for 30 minutes and then gradually raised. After 2 hours’ gentle refluxing, the mixture was 
cooled, water added, and the toluene layer dried and distilled. The fraction, b. p. 130—145°/0-2 mm., 
was redistilled. Pure 4-methyl-2-(2’-phenylbutan-3'-onyl)thiazole had b. p. 127°/0-05 mm., nf’ 1-5610 
(Found: C, 69-1; H, 6-3; N, 5-8. C,,H,,ONS requires C, 68-6; H, 6-2; N, 57%). The picrate 
crystallised as plates from ethanol, m. p. 117° (Found: N, 11-7. C,,H,,0,N,S requires N, 11-8%). 

4-Methyl-2-(2’-phenylbutan-3’-onyl)thiazole (12-8 g.) and N-(2-chloroethyl)diethylamine (7-4 g.), 
dissolved in toluene (40 c.c.), were treated while being stirred with powdered sodamide (2-2 g). After 
30 minutes below 35°, the temperature was raised until the toluene gently refluxed and was kept there 
for 2} hours. The mixture was cooled, water added, and the strongly basic product extracted from 
the toluene with acetic acid (2N, 50 c.c.). The base was liberated with sodium hydroxide, extracted 
with ether, and distilled. 4-Methyl-2-(4’-diethylamino-2’-acetyl-2’-phenylbutyl)thiazole was a yellow oil 
(8 g.), b. p. 152—155°/0-01 mm., nf" 15478 (Found: N, 8-1. C,.H,,ON,S requires N, 8-1%). 
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In the same way from 4-methyl-2- 1e iees ercpased Goat Bie’ (12-2 g.), N-(2-chloroethyl)- 


bao (7-5 g.), ag sodamide (2-0 g prepared 4-methyl-2-(4’-morpholino-2’-acetyl-2’-phen . 
2 Bi 8 2 BS ete) -1 mm., ed rs 5648 (Found: C, 66-8; H, 7-1; N, 81. H,,0,N, 
codes G 1:3; N 78% 


To Ade joule (13 5S) *, 4-methyl-2-chloromethylthiazole (17 g.) in toluene (50 c.c.) was 
added with stirring, powd sodamide (4-7 g.), and the temperature was raised after 20 minutes to 
boiling for 2} hours. After cooling, water was added and the toluene layer fractionated. The crude 
distillate boiling ca. 150°/0-5 mm. amounted to 4 g. and contained a little solid. It was purified through 
the hydrochloride from dry ether, and 4-methyl-2- Ex onS toquizes C l)thiazole had b. e 133°/0-1 mm., 
ee bs. 5717 (Found: C, 68-2; H, 5-3; N, 12-0. 2N,S requires C 68-4; H, 5:3; N, 123%). The 

mot ae | from ethanol in small prisms, aa! D- >. 137-138 8° (Found : C, 50-2; H, 3-3. C,,H,,0,N,S 
aerate 49-9; H, 3-3%). 


We are indebted to Glaxo Laboratories Ltd. for carrying out tests on certain of the above compounds. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W.7. [Received, July 16th, 1948.] 


$23. The Preparation of Potential Analgesic Compounds. Part II. 
By D. J. Brown, A. H. Cook, and (Sir) IAN HEILBRON. 





Compounds of potential analgesic properties were obtained from ethyl te me en Or 
by converting it into the corresponding thio-amide and thence into 4-pheny 4-methyl-2-a- 
carbethoxybenzylthiazole (e.g., V). Introduction of basic groups into the latter compounds gave 
bases typified by (VI) and comparable with “ Amidone ” (II). 


THE preceding communication dealt in part with attempts to introduce a thiazole grouping into 
ketones of the type of (I) in order to obtain substances comparable with ‘‘ Amidone ”’ (II), but 
with one phenyl group replaced by a thiazole ring. Of the several methods which were 
investigated, that by way of (III) from propionylbenzyl cyanide failed because of the loss of the 
propionyl group during thio-amide formation. It was considered that this difficulty might not 
arise if the propionyl were replaced by the carbethoxy-group as in (IV). This proved to be 
correct, and thus the way was opened to compounds typified by (VI). 


NEt,°CH,CH,-CHPh-COMe NMe,’CHMe-CH,’CPh,°COEt 
(I.) (II.) 
Et-CO-CHPh:C(:NH)-SH CO,Et-CHPh-CH(:NH)-SH 
(III.) (IV.) 


Ethyl «-cyanophenylacetate was prepared by the direct carbethoxylation of benzyl cyanide 
(Nelson, J. Amer. Chem. Soc., 1928, §0, 2758). It was converted in good yield by the action of 
hydrogen sulphide in the presence of triethanolamine into a-carbethoxyphenylthioacetamide, 
which reacted with chloroacetone to form the solid 2-a-carbethoxybenzyl-4-methylthiazole (V) in 
33% yield. Similarly with chloroacetophenone, liquid 4-phemyl-2-a-carbethoxybenzylthiazole 
(characterised as hydrochloride) was produced. In an endeavour to increase the yield with 
chloroacetone the reactants were heated finally at 110°. The carbethoxyl group, however, was 
lost thereby, and the main product was 2-benzyl-4-methylthiazole. 2-a-Carbethoxybenzyl-4- 
ag saga condensed with N-(2-chloroethyl)diethylamine in the presence of sodamide 
to give 2-(3’-diethylamino-1’-carbethoxy-1 ‘-phenylpropyl)- 4-methylthiazole (VI; R= Me), 
characterised A its dipicrate; and similarly, by using the appropriate chloroalkylamine, were 
obtained 2-(3’-diethylamino-1'-carbethoxy-1'-phenyl-2’-methylpropyl)-, 2-(3’-morpholino-1’- 
carbethoxy-1'-phenylpropyl)- (characterised as its oxalate), and, in less satisfactory yield, 2-(3’- 
morpholino-1’-carbethoxy-1’-phenyl-2’-methylpropyl)-4-methylthiazole. | The N-(2-chloropropyl)- 
morpholine, characterised as its picrate, required for the preparation of the last compound, was 
formed by the action of thionyl chloride on 1-morpholinopropan-2-ol (hydrochloride), itself made 
from morpholine and propylene oxide. By similar condensations, 4-phenyl-2-«-carbethoxy- 
benzylthiazole afforded 4-phenyl-2-(3’-diethylamino-1’-carbethoxy-1'-phenyl-2’-methylpropyl)- 
thiazole, and 4-phenyl-2-(3’-diethylamino-1’-carbethoxy-1'-phenylpropyl)thiazole (V1; R = Ph). 


HPhCO,Et CO,Et-CPh-CH,°CH,’NEt, 
¥ SN 
= =!Me — R 
(V.) (VI.) 


Most of these compounds containing ester, phenyl, thiazole, and a second basic grouping were 
tested for analgesic action but with negative result. 
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EXPERIMENTAL. 
Triethanolamine (7-0 c.c.) in ethanol (140 c.c.) was saturated with hydrogen sulphide. Ethyl 


a-cyanophenylacetate (120 g.) was added, and hydrogen sulphide passed in at 45° for 10 hrs. The 
mixture was cooled and seeded. The crystalline precipitate was collected, and most of the ethanol 
removed from the filtrate on the steam-bath ina vacuum. Fresh ethanol (30 c.c.) was added, hydrogen 
sulphide passed in again, and a second crop, and ultimately a third, was obtained. The total yield after 
crystallisation from benzene was 65 & (45%). «-Carbethoxyphenylthioacetamide formed small needles, 
m. p. 121° (Found : C, 58-7; H, 5-8; N,615. C,,H,,0,NS requires C, 59-1; H, 5-9; N, 6-25%). 

Chloroacetone (5-5 c.c.), a-carbethoxyphenylthioacetamide (15 g.), dry pyridine (6-5 c.c.), and a little 
sodium iodide were dissolved in ethanol (30 c.c.) on the steam-bath. The mixture was refluxed for 
2 hrs., cooled, poured into water, and the oil taken up inether. A small amount of unchanged thio-amide 
sometimes separated and was filtered off. The fraction, b. p. 135—140°/0-2 mm., solidified and was 
paseo i from light petroleum, forming colourless needles. 2-a-Carbethoxybenzyl-4-methylthiazole 
(yie d 58 6.) had m. p. 67—68° (Found: C, 64-25; H, 5-8; N, 5-3. C,,H,,O,NS requires C, 64-35; 

, 58; N, 5-4%). 

N-(2-Chloroethyl)diethylamine (3-8 g.), 2-carbethoxybenzyl-4-methylthiazole (6-7 g.), and powdered 
sodamide (1-1 g.) were stirred in dry toluene (30 c.c.). After 20 minutes at 35—40°, the mixture was 
refluxed with stirring for 2 hrs. On cooling, water was added, and the toluene layer extracted with 5% 
acetic acid (2 x 40c.c.). The base was liberated with aqueous sodium hydroxide, extracted with ether, 
and distilled. 2-(3’-Diethylamino-1’-carbethoxy-1'-phenylpropyl)-4-methylthiazole (3-6 &) was a yellow 
oil, b. p. 160—163°/0-1 mm., un?” 1-5374 (Found : C, 67-0; H, 7-85; N, 8-0. CyoHy, 25 requires C, 
66-6; H, 7-85; N, 7-8%). The dipicrate formed small laths, m. p. 122°, from ethanol (Found: C, 47-1; 
H, 4-4. C,,H,,0,,N,S requires C, 46-9; H, 4:2%). 

In asimilar way, from N-(2-chloropropyl)diethylamine(3-3 g.), 2-«-carbethoxybenzyl-4-methylthiazole 
(5-2 g.), and sodamide (0-9 g.) was obtained 2-(3’-diethylamino-1'-carbethoxy-1’-phenyl-2’-methylpropyl)-4- 
methylthiazole as a yellow oil, b. p. 165°/0-2 mm., nif” 1-5388 (Found: C, 67-5; H, 8-15; N, 7-4. 
C,,H3,0,N,S requires C, 67-3; H, 8-05; N, 7-5%). 

Likewise, N-(2-chloroethyl)morpholine (6-4 g.), 2-«-carbethoxybenzyl-4-methylthiazole (10-0 g.), and 
sodamide (1-7 g.) in toluene (70 c.c.) afforded fanclnge: comma tt Aiege ge BE oy) ee aa 
thiazole (1-4 g.), b. p. 181—183°/0-05 mm., as a very viscous yellow oil, n?/" 1-5570 (Found: C, 64:1; 
H, 7-3; N, 7-7. CygH,,0,N,S requires C, 64-1; H, 7-0; N, 7-5%). The oxalate was precipitated from 
ethereal oxalic acid and recrystallised from dioxan, forming micro-needles, m. p. 165° (Found : N, 5-85. 
C,,H,,0,N,S requires N, 6-0%). 

Propylene oxide (58 g.) was mixed under reflux with morpholine (86 g.) and methanol (20 c.c.). 
After 20 mins. the mixture was gently boiling and when it began to cool, in about 3 hrs., it was refluxed 
for a further hour on the steam-bath. 1-Morpholinopropan-2-ol (120 g., 83%) had b. p. 97—98°/13 mm. 
nh 1-4621 (Found: N, 9-6. C,H,,0,N requires N, 9-65%). The hydrochloride, precipitated from dry 
ether and recrystallised from dioxan, formed colourless, rectangular, very hygroscopic crystals, m. p. 
125—126° (Found : N, 7-7. C,H,,0,NCl requires N, 7-7%). 

1-Morpholinopropan-2-ol (36 g.) was dissolved in dry benzene (150 c.c.) and, with stirring at 5°, 
thionyl chloride (30 c.c.) in benzene (120 c.c.) was added dnavie, The mixture was refluxed for 1 hour 
on the steam-bath with stirring and then evaporated to dryness in a vacuum on the steam-bath. The 
solid was dissolved in water (100 c.c.), filtered from a little tar, the solution basified with sodium 
hydroxide, and the product removed in ether. N-(2-Chloropropyl)morpholine distilled as a faintly yellow 
liquid (30 g., 74%), b. p. 88—89°/15 mm., n#" 1-4681 (Found : N, 8-55. C,H,,ONCI requires N, 8-55%). 
The picrate, from ethanol, formed large stout needles, m. p. 114—115° (Found: N, 14-0. C,,;H,,0,N,C1 
requires N, 14-3%). 

N-(2-Chloropropyl)morpholine (7-0 g.), 2-«-carbethoxybenzyl-4-methylthiazole (10 g.), and sodamide 

1-7 g.) were brought into reaction as described above for the corresponding yr gam cage rey 
2-(3’-Morpholino-1’-carbethoxy-1'-phenyl-2’-methylpropyl)-4-methylthiazole was a thic § ae oil (yield, 
0-6 g.), a 187—190°/0-1 mm., n}}° 1-5528 (Found : C, 64-4; H, 7-15; N, 7-35. C,,H,,0,N,S requires 
C, 64-9; H, 7-25; N, 7-2%). 

A mixture of a-carbethoxyphenylthioacetamide (9-0 g.), chloroacetophenone (6-2 g.), dry pyridine 
(4 c.c.), ethanol (20 c.c.), and a little iodide as catalyst was heated on the steam-bath under reflux for 
lhr. The cooled liquid was poured into water (50 c.c.), and the oil removed in ether. Distillation gave 

henyl-2-a-carbethoxybenzylthiazole (4-7 g.) as a viscous liquid, b. p. 166—168°/0-05 mm., n}~” 1-6171 
(Found: N, 4-3. C,,H,,O,NS requires N, 4-3%). The hy Saolientl, from dry ether, crystallised from 
dioxan in small, hygroscopic prisms, m. p. 111° (Found: N, 4-1. C,,H;,,0. 1 requires N, 3-9%). 

To N-(2-chloroethyl)diethylamine (3-0 g.) and 4-phenyl-2-«-carbethoxybenzylthiazole (6-5 g.) in dry 
toluene (30 c.c.) was added powdered sodamide (0-9 g.), and the suspension boiled with stirring for 2 hrs. 
On cooling, water (40 c.c.) was added, and the strongly basic product removed from the toluene layer 
with 5% acetic acid (100 c.c.). The base, liberated again with ice-cold aqueous sodium hydroxide, was 
extracted with ether and distilled. 4-Phenyl-2-(3’-diethylamino-1’-carbethoxy-l'-phenylpropyl)thiazole 
was a clear oil (1-6 g.), b. p. 197—200°/0-05 mm.,; ni?" (Found: C, 71-2; H, 7-2; N, 6-85. C,,H,,O,N,S 
requires C, 71-1; H, 7-2; N, 6-65%). 

In the same way, from N-(2-chloropropy])diethylamine (3-4 g.), 4-phenyl-2-a-carbethoxybenzylthiazole 
(6-7 g.), and sodamide (1-0 g.), was produced 0-6 8: of the clear yellow oil, 4-phenyl-2-(3’-diethylamino-1’- 
eee ny 1-5785 (Found: N, 6-2. C,,H,,0,N,S requires 


, “ ‘ol 


We are indebted to Glaxo Laboratories Ltd. for carrying out tests for analgesic properties on certain 
of the above compounds. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W.7. (Received, July 16th, 1948.) 
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$24. The Preparation of Potential Analgesic Compounds. Part III. 
By D. J. Brown, A. H. Cook, and (Str) IAN HEILBRON. 


Potential analgesic compounds, typified by (III) and structurally similar to ‘‘ Amidone ” 
(II), were obtained by direct carbethoxylation or propionylation of 2-benzylthiophen, followed 
by introduction of a basic side chain. Certain of these products had analgesic activity. Other 
compounds, such as 2-phenyl-2-diethylaminoethylcyclohexanone (V1), also structurally related 
to ‘‘ Amidone ”’, were prepared but were inactive. 


SUBSTANCES typified by (I), and thus related in structure to “‘ Amidone ” (II), were shown in 
Part II (preceding paper) to be inactive as analgesics. This result seemed possibly due to the 
basic lyophilic thiazole ring, and it appeared desirable to bring the relationship to known 
analgesic compounds perhaps closer in a physicochemical sense. The object was therefore to 
replace the thiazole ring by a thiophen system to give compounds of type (III), where R = COEt 
or CO,Et. This replacement of the phenyl group of “‘ Amidone”’ by a thiophen nucleus had 
particular interest because a similar operation in the diphenylacetic acid series (Blicke and Tsao, 
J. Amer. Chem. Soc., 1944, 66, 1645) led to enhanced activity. 


basse Salieri COEt-CPh,-CH,-CHMe‘NMe, PCR, 


ae a 


(I.) (II.) (III.) 


The first synthetic approach was made by analogy with the preparation of ethyl dipheny]l- 
acetonitrile (Schultz et al., J. Amer. Chem. Soc., 1947, 69, 2458). The reaction between 
bromobenzyl cyanide and thiophen in the presence of aluminium chloride proved unsatisfactory 
and the route was abandoned in favour of the direct preparation of 2-a-carboxybenzylthiophen. 
The method of Blicke and Tsao (loc. cit.) was not attractive because of its several steps, so a 
direct carboxylation of 2-benzylthiophen was attempted by analogy with the successful 
preparation of diphenylacetic acid by Yost and Hauser (J. Amer. Chem. Soc., 1947, 69, 2326). 
2-Benzylthiophen was prepared by condensation of benzyl alcohol with thiophen in the presence 
of zinc chloride (Steinkopf and Hanske, Annalen, 1939, 541, 238). It was converted into its 
monopotassium derivative with potassium amide, and this on treatment with powdered solid 
carbon dioxide readily gave 2-«-carboxybenzylthiophen. Esterification in the usual way gave 
2-a-carbethoxybenzylthiophen (IV; R = CO,Et), but it was subsequently found that treatment of 
the potassium derivative of 2-benzylthiophen with ethyl carbonate led in a single step to the 
same ester in reasonable yield. 

The required basic side chain was then attached to the phenylated carbon atom. Thus, with 
N-(2-chloroethyl)diethylamine and sodamide there resulted 2-(3’-diethylamino-1’-carbethoxy-1’- 
phenylpropyl)thiophen (III; R = CO,Et). Similarly from N-(2-chloroethyl)morpholine was 
obtained 2-(3’-morpholino-1’-carbethoxy-1'-phenylpropyl)thiophen, characterised as its picrate and 
oxalate. A branched basic chain was also introduced by means of N-(2-chloropropyl)morpholine 
to give 2-(3’-morpholino-1’-carbethoxy-1'-phenyl-2’-methylpropyl)thiophen. 

To increase the similarity to amidone still further, the potassium derivative of 2-benzyl- 
thiophen was treated with ethyl propionate to give in low yield 2-a-propionylbenzylthiophen 
(IV; R= COEt). The ketone was aminoalkylated in the same manner as the corresponding 
ester, to yield with N-(2-chloroethyl)diethylamine, 2-(3’-diethylamino-1’-propionyl-1’-phenyl- 
propyl)thiophen (III; R = COEt), characterised as the oxalate. With N-(2-chloroethy]l)- 
and N-(2-chloropropyl)-morpholine respectively 2-(3’-morpholino-1’-propionyl-1'-phenylpropyl)- 
thiophen (characterised as its hydrogen oxalate) and 2-(3’-morpholino-1'-propionyl-1'-phenyl-2’- 
methylpropyl)thiophen were obtained in good yield. 


HPhR CH,-CO-CHPh-CH, CH, 'NEt, Ph-C-CH, CH, ‘NEt, 
\ 2 e 
= H, CH, 
\ 
H, 
(IV.) (V.) (VI.) 
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During the present work the opportunity was taken to examine another structural type based 
essentially on the ketones typified by 1-diethylamino-3-phenylpentan-4-one (V) (cf. Part I, this 
vol., p.S 107); represented by (VI), it also approached amidone in the pattern of its structure. 

cycloHexanone was chlorinated, and the resulting 2-chlorocyclohexanone reacted with 
phenylmagnesium bromide (Newman and Farbman, J. Amer. Chem. Soc., 1944, 66, 1550) to give 
2-phenylcyclohexanone. The latter was then aminoalkylated in presence of sodamide. From 
N-(2-chloroethyl)diethylamine was obtained 2-phenyl-2-diethylaminoethylcyclohexanone (V1), 
from N-(2-chloropropyl)morpholine 2-phenyl-2-(2’-morpholino-1’-methylethyl)cyclohexanone, and 
from N-(2-chloroethyl)morpholine 2-phenyl-2-morpholinoethyicyclohexanone which was char- 
acterised as its acid oxalate. 

Most of the above compounds were tested for analgesic activity. Those represented by 
(VI) proved devoid of interest in this connection. Some of the thiophen derivatives, however, 
by contrast with the comparable thiazole compounds, displayed some activity. For instance, 
judged by a standardised test, (III; R = COEt) had one-third of the activity of pethidine, and 
2-(3’-morpholino-1’-carbethoxy-1’-phenylpropyl)thiophen was four times as effective as 
pethidine. 

EXPERIMENTAL. 


A 1-litre three-necked flask was fitted with an efficient sealed stirrer carrying some rusty iron wire on 
the blades, a solid carbon dioxide—alcohol reflux condenser, and a dropping-funnel. To liquid ammonia 
(200 c.c.) in this apparatus was added potassium (5-4 g.) in small pieces during 10 minutes with stirring. 
When amide formation was complete, as shown by the disappearance of the blue colour, the reflux 
condenser was replaced by a water condenser, and 2-benzylthiophen (22 g.) in dry ether (250 c.c.) was 
added dropwise. The flask was gently warmed to remove ammonia and then the ethereal suspension 
was refluxed for 2 hrs. 

To the product, after cooling, was added powdered solid carbon dioxide (ca. 200 g.) during 20 mins. 
After 1 hr., cold water (200 c.c.) was added, the whole shaken, and the aqueous layer separated and 
acidified. The semi-solid precipitate was collected, dissolved in 1N-sodium hydroxide (100 c.c.) and the 
solution just neutralised with stirring with 2n- -hydrochloric acid. The suspension was filtered and 
2-a-carboxybenzylthiophen (7-7 g.), m. p. 105—110°, precipitated by excess of acid. Recrystallisation 
from aqueous ethanol gave white needles, m. p. 113° (lit. m. p. 114° 

2-a-Carboxybenzylthiophen (6-6 g.), dry ethanol (28 c.c.), and sulphuric acid (1-3 c.c.) were refluxed 
on the steam-bath for 6 hrs. The cooled solution was added to ice-water (60 c.c.), and the oil extracted 
with ether. The extract was washed with dilute sodium hydrogen carbonate solution and water. 
Distillation gave 2- here er ay (4:5 g.) asa sleniiane Na b. p. 123°/0-1 mm., n}* 
1-5652 (Found : C, 68-1; H, 5-8; S, 12-95. C,,H,,0,S requires C, 68-3; H, 5-7; S, 13-0%). 

Direct carbethoxylation of 2-benzylthiophen was also satisfactory. *ir an ethereal suspension of the 
potassium derivative of 2-benzylthiophen (see above) was added dropwise ethyl carbonate (7-5 g.) in dry 
ether (60 c.c.). After refluxing with stirring for 2 hrs., the cooled solution was added to 
ice-water (200 c.c.) and acetic acid (10 c.c.). Fractionation of the oil from the ethereal layer gave 
unchanged 2-benzylthi tact (b. p. 90—93°/0-1 mm., 8-7 £3 and 2-a-carbethoxybenzylthiophen, b. p. 
case lmm. Rei actionation gavea colourless liquid (5-7 g.); b. p. 122—125°/0-1 mm., n}?” 1-5640 
(Found : C, 68-7; H, 5 

To 2-a- hate oc nt. (9-2 g.) in dry toluene (40 c.c.) were added N-(2-chloroethyl)- 
diethylamine (5-6 g.) and gomnent sodamide (1-6 g.). The solution became very dark on warming, with 
evolution of ammonia, and was refluxed gently with stirring for 24 hrs., during which the colour lig tened 
again. The mixture was cooled, water added, and the toluene layer ‘dried and fractionated. 2-(3’-Di- 
ethylamino-1’-carbethoxy-1’-phenyl botea Ces: (6-5 g.) was obtained as a colourless oil, b. 
155—157°/0-1 mm., ny 1-5421 (Found 69-2; H, 8-0; N, 4-05; S, 9-2. C,.H,,O,NS requires 
69-2; H, 7-9; N, 4-05; S, 93%). 

In the same way from 2-a-carbethoxybenzylthiophen (8 g.), N- Fai rae aes ee 4 4 5 ) paged 
sodamide (1-4 g.), was obtained 2-(3’-morpholino-1’-carbethoxy- 1 fa es re ee (4: 
viscous oil, b. p. 885 —-158°/0-4 mm., n?” 1-5610 (Found : C, 66-4 , 2 Bons 
requires C, 66-8; H, 7-0; N, 3-9; S, 8-9%). The oxalate crystallised from dioxan in lathe, m. p. 190° 
(Found; N, 3- 65. CoH, ,0,NS, 3$C,H,O, requires N, 35%). The picrate recrystallised from and to 
give irregular plates, m. p. 144—145° (Found: N, 9-6. C,,H,,0, Ks sae N, 95%). 


Likewise, from 2-a-carbethoxybenzylthiophen (3° 6 g.) and N-( 2-chlorop 08 nm. 2AY-monp (2-6 g.) with 


sodamide (0-7 g.) was isolated as a viscous yellow oil, b. p. 19 931967] mm., 2-(3’-mor. rholino-1'- 
carbethoxy-1 pauieeC, O16. Hoa: i 975%) (1-7 g.), nr 1-5605 (Pound : C, 67-7; H, 7-4; N, 3-9. 
C,,H,,0,NS requires C, 67:5; 

An ethereal suspension of the potassium de ivative of 2-benzylthiophen was prepared on twice the 
scale used above. To it was added, dropwise, ethyl propionate (13 g.) in dry ether (50 c.c.), and the 
mixture was stirred while refluxing for 2} hours. It was cooled, rch water (300 c.c.) and crushed ice 
(150 g.) were rapidly added. The solution was acidified with hydrochloric acid, and the ethereal layer freed 
fromacid. The residue after removal of ether was fractionated, and the fraction, b. p. 125—135°/0-4 mm., 
redistilled to give 3-8 g. of a 7ne d,s 186 CoH OS asa slightly yellow oil, 'b. p. 125—127° - ‘5 mm., 
nf" 1-5800 (Found : C, 73-5; H, 6-25 H,,OS requires C, 73-0; H, 6-15; S, 13-9%). 

To 2-a-propionylbenzylthiophen (2- 5 g.) and wid -(2-chloroethyl)diethylamine (1- 6 g.) in dry toluene 
(15 c.c.) was added with stirring powdered sodamide (0-5 g.). After 15 mins. the solution was refluxed 
gently with stirring for 2 hrs. To the cooled solution was added water, and the toluene layer 
was fractionated to give 1-5 g. of the colourless oily 2-(3’-diethylamino-1’ -propionyl-1 ’-phenylpropyl)- 
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thiophen, b. p. 158—160°/0-4 mm., nf" 1-5655 (Found : C, 72-95; H, 8-25; N, 4:2; S, 9-4. C,)H,,ONS 
requires C, 72-9; H, 8-25; N, 4-25; S, 9-7%). The oxalate crystallised from dioxan to give laths, 
m. p. 118—120° (decomp.) (Found : N, 3-6. C,.H,,ONS,}C,H,O, requires N, 3-7%). 

Likewise, from 2-a-propionylbenzylthiophen (3-7 g.), N-(2-chloroethyl)morpholine (2-7 g.), and 
sodamide (0-75 g.) were obtained 2-8 g. of the colourless oily 2-(3’-mor, — © pe a 
propyl)thiophen, ee 185—188°/0-2 mm., n?” 1-5845 (Found: C, 70-6; H, 7-4; N, 40. C,,H,,0, 
requires C, 70-0; 7:35; N, 41%). The hydrogen oxalate recrystallised from dioxan in plates, m. p. 
191° (decomp.) (Found : N, 3-15. C,,H,,O,NS requires N, 3-2%). 

In a similar way from 2-a-propionylbenzylthiophen (3-8 g.), N-(2-chloropropyl)morpholine (3-0 g.), 
and sodamide (0-8 g.) were produced 3-1 g. of colourless viscous area? ae of cee 
2’-methylpropyl)thiophen, b. p. 188—190°/0-2 mm., nj} 1-5796 (Found: C, 70-8; H, 7:3; N, 3-95. 
C,,H,,O,NS requires C, 70-5; H, 7-6; H, 3-95%). 

2-Phenylcyciohexanone (17-4 g.; Newman and Farbman, /oc. cit.), N-(2-chloroethyl)diethylamine 
(16-5 g.), and powered sodamide (4-2 g.) were refluxed gently with stirring in toluene (50 c.c.) for 3 hrs. 
To the cooled solution water was added, and the toluene layer extracted with 1n-hydrochloric acid 
(100 c.c.). On being kept for a few hours the extract deposited 3 g. of unchanged 2-phenylcyclohexanone. 
After filtration, the bases were liberated with sodium hydroxide and extracted with ether. Fractionation 
gave 2-1 g. of the viscous, yellow, oily 2-phenyl-2-diethylaminoethylcyclohexanone, b. p. 
135—138°/0-05 mm., nj" 1-5205 (Found: N, 4:95. C,,H,,ON requires N, 5:1%). Similarly, from 
2-phenylcyclohexanone (17-4 g.), N-(2-chloropropyl)morpholine (18 g.), and sodamide (4-2 g.) were 
obtained 1-2 g. of viscous 2-phenyl-2-(2’-morpholino-1’-methylethyl)cyclohexanone, b. p. 160—162°/0-1 mm., 
nj 1-5330 (Found: N, 4-8. C,jH,,O,N requires N, 4-65%). In like manner, from 2-phenyleyclo- 
hexanone (17-4 g.), N-(2-chloroethyl)morpholine (17-4 g.), and sodamide (4-2 g.) were isolated 1-7 g. 
of 2-phenyl-2-2’-morpholinoethylcyclohexanone as an oil, %. p. 155—158°/0-05 mm., n}" 1-5338 (Found : 


N, 5-0. C,,H,;O,N requires N, 4-:9%). The hydrogen oxalate formed slightly hygroscopic plates, m. p. 
160°, from dioxan (Found: N, 3-8. C,9H,,O,N requires N, 3-7%). 


The authors thank Glaxo Laboratories Ltd. for carrying out the tests for analgesic activity. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W.7. (Received, July 16th, 1948.] 





S25. Cyanine Dyes from 2 : 2'-Dimethyl-4 : 4’-dipyridyl. 
By A. B. Lat and V. PEtrow. 


2 : 2’-Dimethyl-4 : 4’-dipyridyl alkiodides (Ia and Ib) have been converted into the p-di- 
methylamino-anils (IIa and IIb), the p-dimethylaminostyryl derivatives (IIIa and IIIb), the 
methincyanine (IV), and into the symmetrical and unsymmetrical trimethincyanines (V, VII— 
XI). Dyes (XIId and XIIe) have also been obtained from the diquaternary salts of the base. 

The mechanism of formation of cyanine dyes is discussed. 


THE conversion of pyridine derivatives into compounds related to the cyanine dyes was first 
achieved by Kaufmann and Vallette (Ber., 1912, 45, 1736), who prepared the 2-p-dimethy]l- 
amino-anil derivatives from 2-methylpyridine methiodide. This work was followed by the 
preparation of 2-p-dimethylaminostyrylpyridine methiodide by Mills and Pope (J., 1922, 121, 
946), and of the symmetrical trimethincyanines from 2- and 4-picoline alkiodides by Rosenhauer 
and Barlet (Ber., 1929, 62, 2724). The corresponding methincyanines were prepared some 
years later by Hamer and Kelly (J., 1931, 777; see also Brooker et al., J. Amer. Chem. Soc., 
1935, 57, 2488). The preparation of cyanine dyes from 2 : 2’-dimethyl-4 : 4’-dipyridyl, however, 
has not hitherto been recorded and forms the subject of the present communication. 

2 : 2’-Dimethyl-4 : 4’-dipyridyl reacted with methyl iodide with explosive violence, giving 
large amounts of tar together with some of the dimethiodide (XIIa), best prepared by reaction 
of the components in alcoholic solution under reflux. The monomethiodide (Ia) was obtained 
when the base was heated with methyl iodide in benzene solution under reflux, small quantities 
of dimethiodide also formed being easily removed by virtue of its very low solubility in alcohol. 
The mono- (Ib) and di-ethiodides (XIIb) were obtained similarly. 

The 2-p-dimethylaminoanils (Ila and IIb) from 2-formyl-2’-methyl-4 : 4’-dipyridyl 1-alk- 
iodides, and the 2-p-dimethylaminostyryl-2’-methyl-4 : 4’-dipyridyl 1-alkiodides (IIIa and IIIb) 
were prepared from (Ia and Ib) by standard methods. The methiodide (IIIa) was converted 
into the corresponding methochloride for examination as an antibacterial and trypanocidal agent, 
but this was found to lack outstanding activity. The methincyanine (IV) was obtained in very 
low yield by condensation of 2: 2’-dimethyl-4 : 4’-dipyridyl 1-methiodide (Ia) with 2-iodo- 
quinoline methiodide in the presence of triethylamine. The reaction failed to occur with 
potassium hydroxide as the condensing agent. 

Symmetrical trimethincyanines could not be obtained by heating (Ia and Ib) with ethyl 
orthoformate in pyridine and/or acetic anhydride solution under reflux. Bis-[2-(1 : 2’-dimethyl- 
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{In formule (II)—{XI), R and R’ refer to substituents in (I) and R” to substituents in additional 
systems. ] 





(NN Me (Ia; R= R’ = Me.) (Ib; R = Me, R’ = Et.) 
(I.) 7 (II; R = CH:N-C,H,-NMe,; (a) R’ = Me. (b) R’ = Et.) 
| \ (III; R = CH:CH-C,H,-NMe,; (a) R’ = Me. (b) R’ = Et.) 
R 
+4 Y 
} (IV.) ree *- Me 


(v.) R’=N? S— NR’ (a; R’= Me.) (6; R’ = Et.) 
~~ 
Me CH-CH:CH: 


(VI; R = -CH:CH-NHPh; (a) R’ = Me. (b) R’ = Et] 


\R" 
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-CH:CH-CH= GO 
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6 @/)R 
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Errata 





Vol. 1949, pages S116 and S117. Formule (XIII)—(XXVI) should read : 
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4: 4’-dipyridyl)\trimethincyanine iodide (Va) was ultimately obtained by rapidly heating a 
warm alcoholic solution of (Ia) with chloroform and potassium hydroxide under reflux. The 
corresponding ethiodide (Vb) was prepared in the same way. 

Condensation of (Ia) with diphenylformamidine at 150° (cf. Piggott and Rodd, B.P. 344,409) 
gave 2’-methyl-2-B-anilinovinyl-4 : 4’-dipyridyl 1-methiodide (VIa). The ethiodide (VIb) and the 
2 : 2’-di-(B-anilinovinyl)-4 : 4’-dipyridyl diethiodide (XIIc) were obtained in the same way. 
These compounds proved to be necessary intermediates for the synthesis of unsymmetrical 
trimethincyanines as 2-anilinovinylquinoline methiodide failed to react with (Ia) under the 
usual conditions. [2-(1-Methylquinoline)}[2-(1 : 2’-dimethyl-4 : 4’-dipyridyl)}trimethincyanine 
iodide (VIIa) was therefore prepared by condensation of (VIa) with quinaldine methiodide in 
acetic anhydride—pyridine solution in the presence of potassium acetate. The trimethincyanines 
(VIIc, VIII, IX, VIIb) were likewise prepared from (VIa) and 2: 6-dimethylquinoline meth- 
iodide, lepidine methiodide, dihydro-f-quinindene methiodide, and (VIb), and quinaldine 
ethiodide. Condensation of (VIa) with 2-methylbenzthiazole methiodide, the foregoing experi- 
mental conditions being used, could not be effected, and [2-(3-methylbenzthiazole)}[2-(1 : 2’- 
dimethyl-4 : 4’-dipyridyl)|trimethincyanine iodide (Xa) was finally obtained by heating these 
components in pyridine solution. The corresponding ethiodide (Xb) was obtained in the same 
way. 2-Methylbenzoxazole methiodide failed to react with (VIa) under a variety of experi- 
mental conditions, ([2-(3-methylbenzoxazole))[2-(1 : 2-dimethyl-4 : 4’-dipyridyl) trimethincyanine 
iodide (XI) only being formed when 2-$-acetanilidovinylbenzoxazole methiodide was fused 
with (Ia) and potassium acetate. Experiments to prepare the corresponding ethiodide were 
not successful. 

Attempts to condense 2: 2’-dimethyl-4 : 4’-dipyridyl dimethiodide (XIIa) with 1 mol. of 
p-dimethylaminobenzaldehyde were not successful owing to the very low solubility of the 
diquaternary salt in alcohol and in other polar solvents. 2-p-Dimethylaminostyryl-2’-methyl- 
4: 4’-dipyridyl dimethiodide (XIId) was therefore prepared by heating (IIIa) with methyl 
iodide. In contrast to the facile reaction between (IIIa) and methy] iodide or methy] sulphate, 
(IIIb) failed to react with ethyl iodide under a variety of experimental conditions. 

The sensitising properties and absorption spectra of the above dyes were kindly determined 
by Messrs. Kodak Ltd. through the courtesy of Dr. F. M. Hamer. The trimethincyanines 
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were poor sensitisers with the exception of (Xb). The anils (Ila and IIb) behaved normally, 
showing desensitising properties usually associated with compounds of their type. The styryl 
dyes (IIIa), (IIIb), and (XIId), however, showed strong desensitising properties, a behaviour 
no doubt associated with their dipyridyl structure (cf. Mills and Pope, /oc. cit.). 

Mills and Raper (j., 1925, 127, 2466) interpreted the formation of p-dimethylaminostyryl- 
quinoline methiodide from quinaldine methiodide and p-dimethylaminobenzaldehyde in the 
presence of piperidine as taking place by initial formation of the methylene base, followed by 
reaction of the latter with the aldehydic component to give an intermediate having the chain 
=C=—CH-. This view needs revision following recent results (Petrow, J., 1945, 18; Lal and 
Petrow, J., 1948, 1895) that dihydro-8-quinindene methiodide (X XIII) also takes part in cyanine- 
dye formation in the normal manner, although in this case formation of the “ allene”” chain 
is precluded on structural grounds. The mode of formation of trimethincyanines from quin- 
aldine methiodide by the formaldehyde method has been studied by Hamer (J., 1923, 123, 
246), who succeeded in isolating (XIX) under mild conditions of reaction, the latter passing 
into the trimethincyanine (XVIII) on treatment with alkali (and quinoline methiodide, the 
function of which in increasing the yield is unknown). 

Quinaldine methiodide [partial formula (XIII)] may be converted into a trimethincyanine 
by means of diphenylformamidine (Piggott and Rodd, B.P. 344,409/1929), ethylisoformanilide 
(Knott, J., 1946, 120), ethyl orthoformate (K6énig, Ber., 1922, 55, 3293; Hamer, /., 1925, 
127, 211), or formaldehyde (Meister, Lucius, and Briining, G.P. 172,118/1905). There seems 
little doubt that reaction is preceded by removal of a proton from (XIII) by the basic catalyst 
present (see below) with formation of the “‘ methylene base” (XIV). Its condensation with 
diphenylformamidine (R’’” = NHPh, X = :NPh) then gives (XV), which passes by loss of 
aniline into 2-$-anilinovinylquinoline methiodide (XVI; R’’ = NHPh). Ethylisoformanilide 
(R’’” = OEt; X = :NPh) likewise gives an intermediate of type (XV), which by loss of alcohol 
again gives 2-f-anilinovinylquinoline methiodide (XVI; R’’” = NHPh). Ethyl orthoformate, 
on the other hand, first undergoes association with the proton made available by the change 
(XIII) > (XIV) to give the complex (B10) CLG: :Et]®. The latter passes into the cation 


(EtO),CH, and hence by reaction with (XIV) pad loss of ethyl alcohal into 2-f8-ethoxy- 
vinylquinoline methiodide (XVI; R’’ = OEt). Higher vinylene homologues of the latter are 
mentioned by Kodak Ltd. in B.P. 556,266/1940. Formaldehyde (R’” = H; X = O) likewise 
gives (XV; R’’” = H, X = O) and hence 2-vinylquinoline methiodide (XVI; R’” = H) by 
loss of water, although in this case the possibility that (XIX) is formed as an intermediate 
cannot be ruled out (Ogata, Proc. Imp. Acad. Tokyo, 1927, 3, 334). Condensation of (XVI; 
R’” = NHPh, OEt, or H) with a further molecule of (XIII), reacting as the “‘ methylene 
base ”’, then occurs by an essentially similar series of changes giving (XVII) and hence the tri- 
methincyanine (XVIII). 

The formation of methincyanine from 2-iodoquinoline methiodide and quinoline methiodide 
in the presence of basic catalysts can be explained along similar lines to those indicated in 
(XX) —> (XXII). 

The conversion of methylene bases into dianilo-derivatives (Hamer, Rathbone, and Winton, 
J. 1947, 1434) by reaction with ethylisoformanilide follows the same pattern. Reaction of 
the methylene base (XXIV) with one molecule of ethylisoformanilide gives (KXV) which, in 
the absence of a proton only available when the quaternary salt is employed [see reaction 
sequence (XIII) — (XVI)], loses ethyl alcohol, giving (KXVI) which can then react with a 
further molecule of the anilide. Hamer’s failure (private communication) to isolate dianilo- 
derivatives from quaternary salts thus appears to receive a satisfactory explanation. 

Catalysts such as piperidine, potassium hydroxide, or potassium acetate in acetic anhydride, 
in general necessary for cyanine formation, thus function by removing incipiently ionised 
hydrogen from (XIII), etc., and the reaction mechanism falls into line with current views on 
the Claisen, Knoevenagel, and Perkin reactions. As styryl formation, for example, often 
requires only acetic anhydride as a condensing agent, it appears that this compound, too, 
can function as a “‘ base’’, a view already expressed by Luder and Zuffanti (‘‘ Electronic 
Theory of Acids and Bases ’’, Wiley and Sons, Inc., 1946, p. 93). 


EXPERIMENTAL. 


(M. p.s are uncorrected. Microanalyses are by Drs. Weiler and Strauss, Oxford. Absorption maxima 
were measured in methyl- alcoholic solution.) 

2 : 2’-Dimethyl-4 : 4’ rte. t monomethtodide (Ia), light yellow, feathery needles (ethyl alcohol), 
m. p. >300° (Found : N, 8-8; I, 38-9. C,,H,,N,I requires N, 8-6; I, 38-9%), was prepared by heating 
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2: 2’-dimethyl-4 : 4’-dipyridyl (2 g.) and methyl iodide (1-5 g.) in benzene (30 ml.) under reflux for 
6 hours. The monoethtodide (Ib), yellow prisms from alcohol-ethyl acetate, m. p. 162—163° (Found : 
N, 8-3; I, 37-5. C,,H,,N,I requires N, 8-2; I, 37-4%), was obtained (66%) similarly. The dimeth- 
iodide (XIIa), lustrous orange-yellow plates from aqueous alcohol, m. p. >318° (Found: N, 5-6; I, 
53-4. C,,H,,N,I, requires N, 5-9; I, 54-2%), was prepared by heating 2: 2’-dimethyl-4 : 4’-dipyridyl 
(1-8 g.) and methyl iodide (2-8 g.) in ethyl alcohol (10 ml.) under reflux for 4 hours; and a similar reaction 
afforded the diethiodide (XIIb), orange prisms from spirit, m. p. 271—-273° (decomp.) (Found: N, 5-3; 
I, 50-9. C,,H,,N,I, requires N, 5-6; I, 51-2%). 

2-p-Dimethylaminoanil from 2-Formyl-2’-methyl-4: 4'-dipyridyl 1-Methiodide(Ila).—p-Nitrosodimethyl- 
aniline (400 mg.) in warm alcohol (15 ml.) was treated with (Ia) (800 mg.) in warm alcohol (25 ml.), 
followed by piperidine (1 ml.). The mixture was quickly concentrated and allowed to stand overnight; 
the dye was deposited as a crystalline solid (50%), which was collected, washed with spirit, and crystal- 
lised from alcohol, forming bronze plates, m. p. 222—223° (Found: N, 11-9; I, 27-5. C,,H,,N,I 
requires N, 12-2; I, 27-7%). The absorption maximum was at 52604. The dye desensitised badly 
both a bromide and a chloride plate. 

2-p-Dimethylaminoanil from 2-Formyl-2’-methyl-4 : 4'-dipyridyl 1-Ethiodide (IIb).—p-Nitrosodi- 
methylaniline (450 mg.) in warm alcohol (5 ml.) was trea with (1b) (800 mg.) in alcohol (10 ml.), 
followed by piperidine (0-5 ml.). The mixture was concentrated, cooled, and ether added; the dye 
which separated (65%) crystallised from aqueous alcohol, forming dark green prisms, m. p. 208—209° 
(Found: N, 12-1; I, 26-5. C,,H,,N,I requires N, 11-9; 26-99%). Absorption maximum at 5250 a. 
This behaved photographically as (IIa). 

2-p-Dimethylaminostyryl-2'-methyl-4 : 4’-dipyridyl 1-methiodide (IIIa), lustrous orange-red platelets 
from spirit, m. p. 236—237° (decomp.) (Found : N, 9-3; I, 28-0. C,,H,,N;I requires N, 9-2; I, 27-8%), 
was prepared (55%) by heating a mixture of (Ia) (300 mg.) and See (150 mg.) 
in alcohol (12 ml.) containing piperidine (0-5 ml.) for 2 hours under reflux. Absorption maximum at 
4950 a. The dye desensitised a gelatinobromide photographic emulsion. 

2-p-Dimethylaminostyryl-2'-methyl-4 : 4’-dipyridyl 1-methochloride, d brown microcrystals from 
ether—alcohol, m. p. 228—229° (Found: N, 10-4; Cl, 8-6, 8-7. Cy,H,Ns' 1, C,H,°OH requires N, 10-2; 
Cl, 8-6%), was obtained by heating (IIIa) (1-5 g.) and freshly precipitated silver chloride (1 g.) in alcohol 
(50 ml.) under reflux for 2 hours. 

2-p-Dimethylaminostyryl-2'-methyl-4 : 4’-dipyridyl 1-ethiodide (IIIb), dark red prisms with a steel- 
blue reflex from spirit, m. p. 256—257° (Found : N, 8-6; I, 26-7. C,,;H,,N;I — N, 8-9; I, 27-0%), 
was obtained (55%) as described for (IIIa). Absorption maximum at 4970 a. Photographic behaviour 
was as for (IIIa). 

[2-(1-Methylquinoline] [2-(1 : 2’-dimethyl-4 : 4’-dipyridyl)|}methincyanine iodide (IV), separating from 
alcohol in dark red rosettes having a bronze lustre, m. p. 233—234° (Found : N, 86; I, 27-1. C,,H,,N,I 
requires N, 9-0; I, 27-2%), was obtained (5—7%) by heating (Ia) and 2-iodoquinoline under reflux in 
alcohol in the presence of triethylamine for 50 minutes, and then pouring the red solution into water. 
Absorption maximum at 50304. Some desensitisation of both chloride and bromide emulsion was 

roduced. 

- Bis-(2-(1 : 2’-dimethyl-4 : 4’-dipyridyl)\trimethincyanine Iodide (Va).—Chloroform (2 g.) was added 
to (Ia) (1-6 g.) in warm alcohol (40 ml.), followed by potassium hydroxide (3 g.) in alcohol (20 ml.), and 
the mixture vigorously heated under reflux for 5—6 minutes. The dark green solution was poured 
into cold water (300 ml.) premae x | potassium iodide (2 g.). After standing overnight, the dye was 
collected and crystallised from alcohol, giving dark brown prisms with a bronze reflex (40%), m. p. 
260—261° (decomp.) (Found: N, 10-2; I, 23-6. C,,H,,N,I ae N, 10-5; I, 238%). Absorption 
maximum at 6060 a. The dye sensitised a gelatinobromide emulsion very weakly from 5600 to 7200 a., 
depressed blue speed, and produced slight fog. 

Bis-(2-(2’-methyl-1-ethyl-4 : 4’-dipyridyl)\trimethincyanine Iodide (Vb).—Chloroform (600 mg.) was 
added to (Ib) (1-7 g.) in warm alcohol (30 ml.), followed by potassium hydroxide (1-2 g.) in alcohol 
(20 ml.), and the whole vigorously heated under reflux for 5 minutes. The mixture was cooled, filtered, 
and ether added, whereupon the dye (16%) separated out. It was crystallised from ethyl acetate 
alcohol and obtained in brilliant coppery plates, m. p. 211—212° (Found: N, 9-6; I, 22-1. C,,H,,N,I 
requires N, 10-0; I, 226%). Absorption maximum at 61104. The dye desensitised a bromide emulsion 
slightly and fogged. 

2-A nilinovinyl-2’-methyl-4 : 4’-dipyridyl 1-methiodide (VIa), red needles with a blue reflex from 
spirit, m. p. 235—236° (Found: N, 9-4; I, 29-1. C,,H,,N,I requires N, 9-8; I, 29-6%), was obtained 
(60%) by fusing (Ia) and diphenylformamidine at 150—155° for 45 minutes. 

2-A nilinovinyl-2’-methyl-4 : 4’-dipyridyl 1-ethiodide (V1b), orange prisms from ethyl acetate—alcohol, 
m. p. 224—225° (Found: N, 9-3; I, 29-2. C,,H,,N,I requires N, 9-5; I, 289%), was prepared in 
the same way as (VIa). 

2 : 2’-Dianilinovinyl-4 : 4’-dipyridyl diethiodide (XIIc), deep brown microcrystals from spirit, m. p. 
304° (decomp.) (Found: I, 33-9, 34:1. C,,H,,N,I,,C,H,OH requires I, 33-9%), was prepared as for 
the monoethiodide analogue (VID). 

[2-(1-Methylquinoline)}\(2-(1 : 2’-dimethyl-4 : 4’-dipyridyl)}trimethincyanine Iodide (VIla).—A mix- 
ture of quinaldine methiodide (700 mg.), (VIa) (1-1 g). and potassium acetate was added to acetic 
anhydride—pyridine (20 ml. of 4:1), and the whole heated under reflux for 15 minutes. The blue 
solution was poured into water (300 ml.), and the dye (64%) separated. It was collected, washed with 
water, and crystallised from alcohol, arating in dark green microcrystals, m. p. 253—254° (Found : 
N, 7-9; I, 23-2. C,sH,,N,I requires N, 7-8; I, 23-6%). Absorption maximum at 60004. The dye 
produced very weak sensitisation. 

[2-(1-Ethylquinoline)}(2-(2’-methyl-1-ethyl-4 : 4’-dipyridyl)l|trimethincyanine iodide (VIIb), lustrous 
coppery plates from alcohol, m. p. 252—253° (Found: N, 83; I, 24-7. C,,H,,N,I requires N, 8-1; 
I, 24-4%), was prepared (75%) as for (VIIa). ee ny maximum at 60304. A gelatinobromide 
emulsion showed very weak sensitisation extending to 7100 a., accompanied by slight fogging action. 
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(2-(1 : 6-Dimethylquinoline))(2-(1 : 2’-dimethyl-4 : 4’-dipyridyl)|trimethincyanine iodide (VIIc), dark 
blue microcrystals from alcohol, m. p. 278—279° (decomp.) (Found: N, 81; I, 24-6. C,,H,,N,I 

uires N, 8-3; I, 25-1%), was obtained (50%) in the same way as (VIIa). Absorption maximum at 

0a. The dye sensitised a chloride emulsion weakly from 5500 to 6900 a. with the maximum at 
6350 a. It decreased the blue sensitivi 

[4-(1-Methylquinoline))[2-(1 : 2’- -dimethyl-4 : a i = ge me er oo ag iodide (VIII), dark green 
microcrystals from alcohol, m. p. 239—240° (Found: N, 8-7; I, 25-8. C,,H,,N,I requires N, 8-5; 
I, 25-6%), was prepared (25%) as for (VIIa). Absorption maximum at 7010. When tested in a 
bromide emulsion, the dye caused weak sensitisation from 6700 to 7900 a., with a sharp peak at 7500 a. 
It decreased the blue s and fogged slightly. 

[3-(4-Methyl-1 : 2-dihydro-B-quinindene)}(2-(1 : 2’-dimethyl-4 : 4’-dipyridyl)|dimethincyanine iodide 
(IX), dark microcrystals from alcohol, m. p. 272—273° (decomp.) (Found: N, 7-8; I, 24-1. C,,H,,N,I 
requires N, 8-1; I, 24-3%), was obtained (31%) in a similar manner to (VIIa). 

(2-(3- -Methylbenzthiazole))(2- -(1 : 2’-dimethyl-4 : 4’-dipyridyl)|trimethincyanine Iodide (Xa).—2-Methy]l- 
benzthiazole methiodide (350 mg.) and (VIa) (500 mg.) were intimately mixed and heated under reflux 
in pyridine (3 ml.) solution for 30 minutes at 140—145°. The dye separated on cooling as a crystalline 
solid (50%). It was purified from alcohol, forming red platelets with a bronze lustre, m. p. 268—270° 
(Found: N, 8-2; I, 25-4. C,,H,,N,SI requires N, 8-4; I, 255%). Absorption maximum at 5800 a. 
On being tested in a bromide emulsion the dye showed very weak sensitisation extending to 6100 a. 
It decreased the blue sensitivity. 

[2-(3-Ethylbenzthiazole) \(2-(2’-methyl-1-ethyl-4 : 4’-dipyridyl)]trimethincyanine iodide (Xb), brilliant 
steel-blue needles from alcohol, m. p. 263—264° (decomp.) (Found: N, 7:5; I, 23-6. C,,H,,N,SI 
requires N, 8-0; I, 24:1%), was obtained (25%) in the same way as (Xa). Absorption maximum at 
5550 a. When tested in a bromide emulsion, the dye gave good sensitisation extending to 6500 a., 
and slight stain. 

[2-(3-Methylbenzoxazole))(2-(1 : 2’-dimethyl-4 : 4’-dipyridyl)|trimethincyanine Iodide (XI).—2-B-Acet- 
anilidovinylbenzoxazole methiodide (2-1 g.), (Ia) (1-6 g.), and potassium acetate (700 mg.) were inti- 
mately mixed and heated in a paraffin-bath for 4—5 minutes ry 160—165°. The mixture fused and 
turned dark red. On cooling, it solidified and was crystallised from spirit, giving lustrous green micro- 
crystals of the dye (33%), m. p. 262—-263° (decomp.) (Found: N, 8-2; I, 25-9. C,,H,,ON,I requires 
N, 8-7; I, 26-3%). Absorption maximum at 5250 a. The dye desensitised slightly. 

Dab dnkaalialintecnapel -2’-methyl-4 : 4’-dipyridyl Dimethiodide (XIId).—Methyl iodide (200 mg.) 
and (IIIa) (500 mg.) were heated in a sealed tube at 100° for 6 hours. The product was extracted 
repeatedly with warm spirit and then crystallised from a large volume of spirit, from which it separated 
in dark red platelets, m. p. 270—272° (decomp.) (Found: N, 63; I, 385. C,,H,,N,I,,14C,H,-OH 
requires N, 6-3; I, 380%). Absorption maximum at 53204. It desensitised a bromide emulsion 
completely. 

2-p-Dimethylaminostyryl-2’-methyl-4 : 4’-dipyridyl 1-methiodide 1’-methosulphate, dark red_ plates 
from spirit, m. p. 235—236° (decomp.) (Found : S, 6-2. C,,H3,O,N;SI requires S, 5-5%), was obtained 
(60%) by heating (IIIa) (600 mg.) with methyl sulphate *(200 mg.) in nitrobenzene (15 ml.) at 170° 
for 5—6 minutes. Absorption maximum at 5310a. The dye desensitised a bromide emulsion so 
strongly that the wedge spectrogram showed nothing. 

2 : 2’-Bis-[4-trimethin-(1-ethylquinoline)}-4 : 4’-dipyridyl Diethiodide (XIle).—Lepidine ethiodide (1-2 
g-), (XIIc) (1-7 g.), and —— acetate (1 g.) were mixed thoroughly and added to a hot mixture 
of acetic anhydride—pyridine (24 ml. of 5: 1) and heated under reflux for 10 minutes. When the deep 
blue solution was poured into water (400 ml.), the dye separated (45%) as a black powder. It was 
collected, washed, and crystallised from methyl alcohol, giving bronze platelets, m. p. >310° (Found : 
N, 5-8, 6-3; I, 26-6, 27-0. C,,H,,N,I,,3MeOH requires N, 6-0; I, 266%). Absorption maximum at 
7010 a. The dye desensitised a bromide emulsion slightly. 
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S26. Physical Properties of Triphenyl Compounds of Group VB 
Elements. 


By M. V. Forwarp, S. T. BowpeEn, and W. J. Jonegs. 


The temperature variation of density, vapour pressure, and surface tension of the liquids 
have been measured, and the molecular volume, latent heat of vaporisation, and Kleeman-— 
Macleod constants have been determined. The invariability of the latter constants over a wide 
range of temperature shows that the compounds behave as normal liquids. 

The solid—liquid equilibria of binary systems of the compounds have been examined, and it 
is shown that the type of equilibrium may be related to the difference between the parachors of 
the components. The eutropic series is found to be non-ideal. In an examination of the 
isosterism of the CH group with the atoms of the elements of Group VB, it is concluded that 
factors other than the weight of the groups are involved in isomorphism. The equilibria 
between tetraphenyltin and each of the triphenyl compounds have been determined, and earlier 
measurements have been corrected. 


No systematic study of the physical properties of liquid triphenyl compounds of the elements of 
Group VB has hitherto been made, although a few measurements of the density and surface 
tension over limited ranges of temperature have been carried out by Pascal (Compt. rend., 1913, 
156, 1905) and by Walden and Swinne (Z. physikal. Chem., 1912, 79, 713), respectively. In 
the present work it is found that the variation of density with temperature is normal for a range 
of 200° above the m. p., but triphenylbismuthine begins to decompose at 180°. It will be 
evident from the data in Table I that Pascal’s values of the molecular volumes, V,,°, of the solid 
are less regular than the estimated molecular volumes, V,, of the liquid at the boiling point. If 
Kopp’s values (Annalen, 1855, 96, 153) are taken for the atomic volumes of carbon (11-0) and 
hydrogen (5-5), the approximate atomic volumes of the elements of Group VB in this type of 
compound are: N, 16-5; P, 29-5; As, 34-5; Sb, 40-5. 


TABLE I, 
V>». L. .p. ; [P]. 
Triphenylamine 297 16,090 . 584 
Triphenylphosphine 310 17,000 ‘ 607 
Triphenylarsine 315 18,090 ° 622 
Triphenylstibine 321 19,880 . 635 
Triphenylbismuthine _— — , 650 


The vapour pressures of the liquids exhibit normal variation over the range 200—300°, and 
the values at a particular temperature are in the order NPh,> PPh,> AsPh,> SbPh,, but 
there is little difference between the vapour pressures of the phosphine and the arsine. If p is 
the vapour pressure and T the absolute temperature, the plot of log » against 1/T is nearly a 
straight line for each compound. The values of the average latent heat of vaporisation, L in 
calories per mole, as calculated from the slope of the line, are recorded in Table I. Approximate 
estimates of the b. p. at 760 mm. as found from the vapour-pressure curves are also given in 
Table I. Haeussermann (Ber., 1901, 84, 40) gave 347—348°, and Boldyreff (J. Russ. Phys. 
Chem. Soc., 1916, 48, 1869) 365°, as the b. p. of triphenylamine. 

The surface tensions of triphenylphosphine and triphenylstibine have been determined over a 
range of about 60° by Walden and Swinne (/oc. cit.), but their values are uniformly lower than 
those found in the present work. Fora range of 100° above the m. p., the surface tensions of the 
amine, phosphine, arsine, and stibine vary almost linearly with temperature, and a similar 
relation obtains with the bismuthine from the m. p. to the decomposition temperature. The 
relation between surface tension and density of unassociated liquids has been given by Kleeman 
(Phil. Mag., 1911, 21, 99) and Macleod (Trans. Faraday Soc., 1923, 19, 38), and for the triphenyl 
compounds we find that the Kleeman—Macleod constant (C = y/(D — d)*, where y is the surface 
tension, D the density of the liquid, and d@ that of the vapour] does not vary appreciably over the 
range examined. This constancy indicates that the liquids are normal in so far as they do not 
exhibit change of association with temperature. In these compounds the parachor constants 
for the elements of Group VB, as calculated from Sugden’s value for the phenyl group, 190-0 
(“ The Parachor and Valency ”’, Routledge, 1930, p. 181), and from Vogel’s value, 188-3 (/., 
1948, 654), are as follows : 

P. As. Sb. Bi. 
37-4 52-2 65-4 80-4 
42-5 57-3 70-5 85-5 


The atomic parachors given by Sugden (0p. cit.) are: N, 12-5; P, 37-7; As, 50-1; Sb, 66-0; Bi, 80. 
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The extent to which the triphenyl compounds are miscible with one another in the solid state 
has been ascertained from the phase diagrams representing the solid—liquid equilbrium. Of the 
ten possible binary systems, Pascal (Joc. cit.) has investigated six systems by the cooling-curve 
method, and we have now examined the other systems and have re-determined the solidus and 
liquidus curves of the triphenylamine-triphenylarsine system. The precision of the 
measurements has been increased by the use of highly purified components, and the difficulty 
which Pascal experienced in determining the course of the solidus curve has been largely 
obviated by application of the thaw-melt method. The equilibria are presented graphically in 
the first two columns of the diagram. The systems may be classified into types in accordance 
with the scheme proposed by Roozeboom (Z. physikal. Chem., 1899, 30, 385). 

Triphenylamine and triphenylphosphine are completely miscible in the solid state (Type III). 
The amine and the arsine form partially miscible solid solutions (Type V); the eutectic mixture 
corresponding to 79% AsPh, melts at 49-8° and not at 45-5° as recorded by Pascal, while the 
mutual solubilities of the compounds are lower than those found by him. The amine and the 
stibine also form partially miscible solid solutions (Type V) which contain 4:-7% and 99-3%, 
respectively, of the latter at 43-3°; the eutectic composition corresponds to 77-5% of the stibine. 
Similar equilbria are exhibited by the amine and the bismuthine; the eutectic mixture contains 
75% of the latter and melts at 62-5°. Since the miscibility gap extends from 4-3 to 87-5% of 
bismuthine, the solid solubility of the amine in the bismuthine is greater than in the stibine. 
Triphenylphosphine and triphenylarsine form partially miscible solid solutions (Type IV). 
The phosphine and the stibine give rise to a continuous series of solid solutions (Type III), and 
the solid solution containing 67-5% of stibine has the lowest m. p. (39°) of the series. The 
phosphine and the bismuthine form partially miscible solid solutions (Type V). Triphenyl- 
arsine and triphenylstibine form a continuous series of solid solutions (Type III), and the arsine 
and the bismuthine form partially miscible solutions (Type V). Triphenylstibine and tripheny]l- 
bismuthine give rise to partially miscible solid solutions (Type IV); solid solutions containing 
48-5% and 38-8% of the bismuthine, respectively, are in equilibrium with liquid phase containing 
33-9% of this at the peritectic temperature, 62-4°. If, with Pascal, we assume that the formation 
of a continuous series of solid solutions (Type III) is possible only when the components exhibit 
complete isomorphism, it may be concluded that the members of the following systems are truly 
isomorphous: triphenylamine, triphenylphosphine; triphenylphosphine, triphenylstibine; 
triphenylarsine, triphenylstibine. Moreover, the narrowness of the miscibility gap in the two 
Type IV systems (triphenylphosphine, triphenylarsine; triphenylstibine, triphenylbismuthine) 
indicates that the departure from complete isomorphism is slight. In the other systems 
(Type V) the miscibility gap is wide and the conditions leading to isomorphism are 
correspondingly limited. If the mean percentage difference, A[P], between the parachors 
[P], and [P], of the two components is defined by 200([P], — [P],)/([P], + [P]s), the magnitude 
of this quantity corresponds to the type of phase diagram in this particular eutropic series as 
indicated herewith : Type IV: A[P] = 1-95 — 2-18 

Type III: A[P] = 2-55 — 4-50 
Type V: A[P] = 4-72 — 10-9 


It is not possible to correlate the type of phase diagram and the recorded molecular volumes of 
the solids. 

According to Drew and Landquist (jJ., 1935, 1480) it would be expected that in an ideal 
eutropic series (where the valency angles of the eutropic elements are the same and the 
compounds are closely isomorphous) corresponding compounds would melt at temperatures 
lying near together, and a mixture of all the corresponding compounds would melt within this 
range. From a study of the m. p.s of the triphenyl compounds, they concluded that N and Bi 
are divergent from the other elements and that only P and As are compatible with one another. 
On a similar basis we find that Sb and Bi are also compatible with one another, and further, in 
agreement with Drew and Lanquist, that the relationship between the Group V elements is not 
nearly so close as that between the Group IV elements. 

In an attempt to account for the isomorphism of organic compounds, Grimm, Giinther, and 
Tittus (Z. physikal. Chem., 1931, 14, B, 169) assumed that isosteric groups can replace one 
another so that the corresponding compounds are miscible in the solid state. Although this 
assumption was not confirmed by these workers, we have further examined the matter in view 
of the statement by Bradlow, Vanderwerf, and Kleinberg (J. Chem. Educ., 1947, 24, 433) that 
only isosteric groups not differing greatly in molecular weight can replace one another without 
causing marked differences in the physical properties of the compounds. Since the group CH is 
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isosteric with the atoms of the elements of Group V, we have examined the phase equilbria of 
triphenylmethane with each of the triphenyl compounds of the Group VB elements. The types 
of equilbrium are represented in the third column of the diagram. It is the arsine (with higher 
molecular weight than the phosphine and amine) which is completely miscible with triphenyl- 
methane in the solid state, and it is to be concluded, therefore, that factors other than the weight 
of the isosteric groups govern the solid solubility of these compounds. 

In the phase diagram given by Cambi (Afti R. Accad. Lincei, 1912, 21, i, 776) for tetra- 
phenyltin and triphenylstibine, the liquidus curve on the stibine side coincides with the 
horizontal part of the solidus. This representation, however, is incorrect owing to the presence 
of impurity in the stibine which he used. The phase equilibria of tetraphenyltin with each of 
the triphenyl compounds of the elements of Group VB are shown in the fourth column of the 
diagram. It is evident that the components exhibit little, if any, solubility in the solid state, 
and that the composition of the eutectic undergoes a regular antibatic variation with the m. p. 
of the triphenyl compound. 


EXPERIMENTAL. 


(All thermometer readings are corrected.) 


Preparation of Materials—Triphenylphosphine was prepared from phenylmagnesium bromide and 
phosphorus trichloride (Pfeiffer and Pietsch, Ber., 1904, 37, 4621; Sauvage, Compt. rend., 1904, 189, 
675); after crystallising twice from light petroleum and five times from ether-—alcohol, it had m. p. 80-5°. 
The arsine was prepared by the action of the same Grignard reagent on arsenic trichloride, and after a 
series of crystallisations from the above solvents, it melted at 60-8°. The stibine was obtained by the 

rocedure described by Harris, Bowden, and Jones (J., 1947, 1569), and after repeated crystallisation 
rom ether—alcohol, it had m. p. 55°. After a similar purification process the bismuthine (Pfeiffer and 
Pietsch, Joc. cit.) melted at 78-5°. These m. p.s are uniformly higher than those recorded by earlier 
workers but agree closely with the values found by Drew and Landquist (j., 1935, 1480). Pure 
specimens of triphenylamine (m. p. 127-5°), triphenylmethane (m. p. 92-0°), and tetraphenyltin (m. p. 
225-9°) were available. 

Density Determinations.—The pyknometer consisted of a glass bulb (2 c.c. capacity) fused to a 
graduated capillary tube, and the volume corresponding to each scale division was found by calibration 
with water. The ~~ pyknometer containing the molten érganic compound was immersed in a 
mechanically-stirred bath of castor oil, and the volume occupied by the substance at different 
temperatures was determined in the usual manner. All weighings were corrected for buoyancy. The 
densities in g./c.c. are given in Table II. The variation of density with temperature is represented by 
the following equations : 

Triphenylamine : 
Triphenylphosphine : 
Triphenylarsine : 
Triphenylstibine : Dt. 
i. 


Triphenylbismuthine: Dt 


1-1185 — 0-0008036 ¢ 
1-1335 — 0-0007457 ¢ 
1-2994 — 0-0008628 ¢ 
1-4564 — 0-0009426 ¢ 
1-7633 — 0-001224 ¢ 


TABLE 
Temp. NPh;. PPh,. AsPh,. SbPh;. BiPh,. . NPh,;. PPh,. AsPh,. SbPh,. BiPh,. 
80° a — 1-2304 1-3810 - 0-9739 0-9993 1-1439 1-2865 1-5429 
100 — 1-0589 1-2131 1-3621 1-6409 0-9578 0-9844 1-1266 1-2676 — 
120 — 1:0440 1-1958 1-3432 1-6164 0:9417 0-9694 1-1093 1-2478 — 
140 1-0060 1-0291 1-1785 1-3243 1-5919 0-9256 0-9546 1-0920 1-2298 — 
160 0-9900 1-0142 1-1612 1-3054 1-5674 0-9095 0-9397 1-0747 1-2109 — 


Vapour-pressure Measurements.—The vapour pressure of the liquids was measured by the 
isoteniscope method (Smith and Menzies, J. Amer. Chem. Soc., 1910, 32, 1412), the modification described 
by Chipman and Peltier (Ind. Eng. Chem., 1929, 21, 1106) being used. The measurements were carried 
out in an atmosphere of dry nitrogen, and the isoteniscope, which was immersed in a mechanically- 
stirred bath of castor oil, was vigorously shaken before each reading of the pressure. The results (in 
mm.) are recorded in Table III. The variation of vapour pressure with absolute temperature is 
represented by the following equations : 

Triphenylamine : log p = 8-413 — 3524/T 
Triphenylphosphine: log p = 8-539 — 3717/T 
Triphenylarsine : log p = 8-954 — 3953/T 
Triphenylstibine : log p = 9-578 — 4350/T 


The average latent heats of vaporisation as computed from the slopes of the lines are given in Table I. 


TABLE III. 

Temp. NPh,. PPh,. AsPh,. SbPh,. Temp. NPh,. PPh,. AsPh,. SbPh,. 
200° 9-6 — — 260° 62-8 37-4 34-9 26-0 
210 13-3 7-2 oo 270 83-0 49-9 47-2 36-6 
220 18-4 10:0 ° = 280 109-5 66-1 63-9 61-1 
230 25-7 14-2 . 8- 290 142-6 87-0 85-2 _— 
240 34-9 20-2 . 2: 300 183-8 — —_— — 
250 47-1 27-5 . 8- 
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Surface-tension Measurements.—The capillarimeter (Bowden, J. Physical Chem., 1930, 34, 1866) 
consisted of two capillary tubes of radii 0-033 cm. and 0-058 cm., fused to quill tubing (radius 0-35 cm.) 
which formed the wider limb of the instrument. The molten substance was introduced isito the 
apparatus through a small funnel which was preheated to a temperature 10° above the m. p. of the 
compound. The capillarimeter was maintained at the required temperature in a bath of castor oil, and 
the difference between the capillary rise in the two tubes was measured by a travelling microscope 
reading to 0-001 cm. Adequate precautions were taken to ensure the formation of fresh liquid surfaces 
in the capillary tubes and to effect thorough wetting of the walls before each reading. The surface 
tension was calculated from the equation given by Sugden (/J., 1921, 119, 1483). The results are listed in 
Table IV, where D represents the density of the liquid, y the surface tension in dynes per cm., C the 
Kleeman—Macleod constant, and [P] the parachor. 

TABLE IV. 
Temp. D. y: C. [P]. Temp. D. y: Cc. (P}. 
Triphenylamine. Triphenylarsine. 
135-8° 1-0096 33-5 32-2 584-5 79-6° 1-2307 39-2 17-1 622-5 
169-7 0-9824 29-7 31-9 582-9 100-6 1-2126 36-4 16-8 620-3 
195-9 0-9614 27-4 32-0 583-7 131-3 ~—- 11-1861 33-8 17-1 622-5 
224-5 0-9384 25-0 32-2 584-5 156-3 = 11-1647 31-4 17-1 622-3 
Mean 583-9 195-8  1-1307 28-1 17-2 623-5 
Triphenylphosphine. 220-6 ~=1-1091 25-9 17-1 622-8 
100-6 1-0585 36-1 28-7 607°4 241-5 1-0911 24-0 17-0 621-2 
129-4 1-0370 33:3 288 607-6 ; oo seam 6233 
164-2 1-0111 30-2 28-9 608-1 Triphenylstibine. 
194-7 0-9883 27-5 28-8 607-8 76-0 1-3847 38-1 10-4 633-5 
226-0 0-9649 24-7 28-6 606-0 131-5 1-3324 33-3 10-6 636-6 
Mean 607-4 163-2 1-3026 30-4 10-6 636-5 
Triphenylbismuthine. 193-0 1-2745 28-0 10-6 637-3 
. ‘ : . 7 224-2 1-2451 25-3 10-6 636-0 
B+ ned #4 ri yoo 243-5 1-2269 23-3 10-5 632-3 


155-0 1-5736 29-3 4-78 649-5 Mean 635-4 
Mean 650-4 


Phase Equilibria.—The preparation of the systems followed common practice except with a few 
mixtures in which the supercooling was so marked that it was necessary either to cool the mixtures in an 
ice-box or to scratch the glass to induce solidification, The apparatus and procedure employed for the 


thaw-melt determinations (Bowden, ‘‘ The Phase Rule and Phase Reactions ’’, Macmillan and Co., 1938, 
p. 209) were modified only in so far as the observation of the thaw-point was made by reflected light and 
that of the melt-point by transmitted light from an electric lamp which was shielded with a white, 
translucent screen. In Table V, c represents the molar percentage of the second component. 


TABLE V. 


Thaw Melt Thaw Melt Thaw Melt Thaw Melt 
c. point. point. C. point. point. c. point. point. c. point. point. 
NPh, and AsPh,. NPh, and SbPh;. NPh, and BiPh,. CHPh, and NPh;. 
0-00 127-5° 127-5° 0-00 127-5° 127-5° 0-00 127-5° 127-5° 0-00 92-0° 92-0° 
92 , 1-38 ° 127°3 0-96 92-4 127-1 153 77-7 91:3 
4-29 , 126-4 3-62 65-4 126-3 5-23 76-8 89-9 
7-19 S 124-5 5-72 62-5 125-6 10:23 76-7 86-7 
14-24 ° 119-7 19-26 ; 118-5 12:39 766 83-7 
23-76 115-6 36-05 , 102-3 20:44 766 81-4 
28-26 111-8 45-42 ° 88-3 31-64 766 943 
40-39 , 58-30 ° 75-4 42:07 76-7 101-7 
53-55 67-23 ° 66-8 50-06 76-9 106-7 
60-31 84-20 , 71-5 62:00 782 113-9 
72-47 89-17 , 75-1 68:98 85-2 115-8 
82-33 95-27 , 77:3 79-65 97-0 120-8 
88-55 100-00 ° 78-3 89-48 111-7 123-9 
94-63 100-00 127-5 127-5 
99-08 
100-00 
PPh, and SbPh,. SbPh, and BiPh,. CHPh, and AsPh,. CHPh, and SbPh,. 
‘ 0-00 55-0 . ; 92-0 , 92-0 92-0 
11-44 655-8 ° 68-3 . : 65-7 = 89-1 
21-83 57-2 57-8 ° | 54:2 85-7 
36-07 60-8 50-5 : . 38-1 80-0 
40-73 62-4 45-6 ° : 36-7 75-0 
44-63 62-4 43-1 ° . 36-8 67-6 
47-38 62-4 42-0 ° : 36-8 57-4 
54-63 63-7 41-6 2 , 36-7 42-2 
73-93 68-0 43-2 : , 36-7 9 42-7 
88-19 72-8 47-4 ° ° 38-7 48-2 
78-3 60-8 ° 46-8 653-0 
; 55:0 55-0 
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TABLE V (continued). 


Thaw Melt Thaw Melt Thaw Melt Thaw Melt 
c. point. point. c. point. point. c. point. point. c. point. point, 
CHPh, and PPh. CHPh, and BiPh;,. SnPh, and NPh,. SnPh, and PPh,. 
0-00 92-0 , 0-00 92:0 92-0 0-00 225-9 225-9 , 225-9 225-9 
4:56 177-2 : 5-89 67:6 888 1-87 122-2 225-8 . 77-0 224-6 
955 74-1 . 12:00 57-4 86-0 15:11 122-1 223-8 , 76-8 210-1 
20:90 73-6 , 27-50 55:4 17:8 34-48 122-1 217-5 . 76-8 196-4 
28-30 73-7 . 36-43 55:4 70-4 54-29 122-1 204-0 , 76-8 182-7 
35-34 8 73-7 . 45-50 554 62-0 69-04 122-1 187-3 , 76-8 160-3 
38-44 73-7 ° 50-45 55:4 57-4 74-79 122-1 179-8 , 76-8 142-0 
44-65 73-7 ° 57-86 55-4 586 82-34 122-1 167-2 ‘ 76-7 123-8 
48-28 73-7 ° 70-21 55:5 65-0 88-15 122-1 150-7 ° 76-7 100-8 
51:20 73-7 . 84:00 59:5 71:3 93-67 122-1 123-2 . 76-8 79-9 
68-28 73-7 . 90-52 63-8 73-4 95-22 122-1 123-9 ; 76-8 80-3 
69-97 73-6 ° 78:3 78-3 97-00 122-1 125-5 , 80-5 80-5 
79-02 173-7 . 99-62 122-1 127-1 
89-46 75-4 : 100-00 127-5 127-5 
92-99 77-0 
10000 80-5 80-5 


Thaw Melt Thaw Melt Thaw Melt 
C. point. point. C. point. point. Cc. point. point. 
SnPh, and AsPh;. SnPh, and SbPh;. SnPh, and BiPh,. 


0-00 225-9 225-9 0:00 225-9 225-9 0-00 225-9 225-9 

1-28 59-4 225-8 1-01 53-1 225-8 1-46 61-8 225-7 
32-37 58-2 ‘ 29-64 51-9 216-5 24-77 61-9 216-7 
58-11 58-2 ° 57-68 51-9 196-5 53-70 61-7 196-2 
80-30 58-4 P 82-28 52-0 164-4 80-65 62-0 165-7 
89-22 58-3 ° 91-45 52-0 140-3 88-32 61-8 146-0 
92-46 58-3 P 96-55 51-9 110-4 96-65 61-8 105-5 
96-67 58-5 . 97-12 52-0 104-0 97-19 61-9 83-8 
97-25 58-3 , 98-75 52-0 54-4 98-77 61-9 73-3 
98-58 58-3 , 99-60 52-0 54-8 99-31 61-9 75-8 
99-45 58-4 , 100-00 55-0 55-0 100-00 78-3 78-3 

100-00 60-8 


Polycomponent Systems.—Thaw-melt measurements on systems containing equimolar amounts of the 
components gave the following results. 


Thaw point. Melt point. 
NPh, + PPh, + AsPh, 57-4° 80-2° 
NPh, + AsPh, + BiPh, 41-5 74:9 
NPh, + PPh, + AsPh, + SbPh, 39-9 69-0 
NPh, + AsPh, + SbPh, + BiPh, 38-4 65-0 
NPh, + PPh, + AsPh, + SbPh, + BiPh, 38-3 68-0 


TATEM LABORATORIES, UNIVERSITY COLLEGE, CARDIFF. (Received, July 17th, 1948.] 
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By Grorce Dunn, J. J. GALLAGHER, G. T. NEWBOLD, and F. S. Sprina. 


From culture filtrates of the mould Aspergillus flavus grown on a medium containing sodium 
chloride and a casein hydrolysate, aspergillic acid and an alkyl-substituted hydroxypyrazine, 
C,,H,QN,, isomeric with deoxyaspergillic acid, have been isolated. 

Deoxyaspergillic acid is racemised on vigorous treatment with alkali, and the racemate is 
different from racemic 3-hydroxy-2 : 5-di-sec.-butylpyrazine, which itself is unaffected on 
similar treatment with alkali. It is concluded that deoxyaspergillic acid is not an optically 
active 3-hydroxy-2 : 5-di-sec.-butylpyrazine. The diketopiperazine pi-norleucyl-pL-isoleucine 
anhydride (IX) has been synthesised, and, whilst it is very similar to pt-isoleucine anhydride 
(III), it differs from an isomeric compound obtained from aspergillic acid. pi-Leucyl-p1-iso- 
leucine anhydride (VIII) closely resembles pt-isoleucine anhydride and the compound 
C,,H,,0,N, from aspergillic acid. These facts suggest that deoxyaspergillic acid may be 
either TGR eo a nao (XIV) or 3-hydroxy-5-isobutyl-2-sec.-butyl- 
pyrazine (XIII), and that aspergillic acid may be either (IV) or (V). 
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DuTCHER and WINTERSTEINER (J. Biol. Chem., 1944, 155, 359; Dutcher, ibid., 1947, 171, 321, 
341) have ascribed the structure (I) to the antibacterial compound aspergillic acid, from which 
it follows that its simple reduction product, deoxyaspergillic acid, is to be represented as 
3-hydroxy-2 : 5-di-sec.-butylpyrazine (II). Newbold and Spring (jJ., 1947, 373) synthesised 
3-hydroxy-2 : 5-di-sec.-butylpyrazine (II), but were unable to resolve the racemate; the same 
racemate has subsequently been synthesised by two different routes (Baxter and Spring, /., 
1947, 1179; Newbold and Spring, ibid., p. 1183). A comparison of the ultra-violet absorption 


H 
N N N 
\—cHMeEt \—-cHMeEt en 
CHMeEt :0 CHMeEt ‘0 
Tot - CHMeEtCH CO 
\n/ 
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(I.) (II.) (III) 


spectrum of deoxyaspergillic acid with the spectra of racemic 3-hydroxy 2: 5-di-sec.-butyl- 
pyrazine and other hydroxypyrazines together with the general similarity in the properties 
of these compounds led Newbold and Spring to the view that deoxyaspergillic acid is a hydroxy- 
pyrazine derivative. The differences in the intensities of absorption in the ultra-violet region 
did not allow of the decision that deoxyaspergillic acid and 3-hydroxy-2 : 5-di-sec.-butylpyrazine 
are structurally identical. We have, therefore, undertaken a re-examination of aspergillic 
acid and deoxyaspergillic acid with the object of obtaining further information concerning the 
nature of the alkyl side chains. 

The strain of Aspergillus flavus employed was a variant of White’s original strain, described 
by Jones, Rake, and Hamre (J. Bact., 1943, 45, 461), and the culture medium was an aqueous 
solution of the casein hydrolysate ‘‘ Pronutrin ’’ and sodium chloride. Under the conditions 
described in the experimental section, the yield of aspergillic acid averaged 250 mg. per 1. of 
culture filtrate; the acid, after sublimation, had m. p. 97—99° and [«]}* +13-3°; White and 
Hill (J. Bact., 1943, 45, 433) give m. p. 96° and Dutcher (loc. cit.) gives m. p. 93°, [a]p +12° 
for aspergillic acid. 

From the culture filtrate, we have isolated, in low yield, a compound of molecular formula 
C,,.H,ON,. This compound is soluble in 3N-sodium hydroxide and in 3N-hydrochloric acid, 
but unlike aspergillic acid it is insoluble in sodium hydrogen carbonate solution; this property 
was used in separating it from aspergillic acid. Again, unlike aspergillic acid, it does not 
give a colouration with ferric chloride. The general properties of this compound, particularly 
its weak acidic and basic properties and the location and intensity of its ultra-violet absorption 
maxima, suggest that it is a hydroxypyrazine derivative. It is isomeric with deoxyaspergillic 
acid and with 3-hydroxy-2 : 5-di-sec.-butylpyrazine. 

Aspergillic acid is reduced by hydrazine in good yield to deoxyaspergillic acid (Dutcher, 
loc. cit.). Deoxyaspergillic acid couples with benzenediazonium chloride to give a phenylazo- 
derivative. This reaction establishes the presence of an unsubstituted nuclear position in the 
pyrazine ring and agrees with the formulation of deoxyaspergillic acid as a 3-hydroxy-2 : 5- 
dialkylsubstituted pyrazine. 3-Hydroxy-2 : 5-di-sec.-butylpyrazine also yields a 6-phenylazo- 
derivative. When heated with alkali, deoxyaspergillic acid gives a racemate, m. p. 103—104°, 
which is undepressed in melting point when mixed with dextrorotatory deoxyaspergillic acid, 
but is depressed in melting point when mixed with racemic 3-hydroxy-2 : 5-di-sec.-butylpyrazine. 
Racemic 3-hydroxy-2 : 5-di-sec.-butylpyrazine is unaffected when treated with alkali using the 
same conditions; if deoxyaspergillic acid and the synthetic isomer simply differed in stereo- 
chemical orientation, this treatment would have been expected to produce the same racemic 
mixture. This observation leads to the conclusion that the alkyl side chains in deoxyasper- 
gillic acid and in aspergillic acid are not both sec.-butyl groups. 

Summarising the evidence, it is established that deoxyaspergillic acid contains a pyrazine 
ring, a nuclear hydroxy] group in the 3-position, and at least one unsubstituted nuclear position, 
most probably the 6-position. The remaining C,H,, fragment is to be distributed either as a 
single alkyl side chain, which must contain at least one asymmetric centre, located at the 
2- or the 5-position, or as two alkyl groups, at least one of which must contain an asymmetric 
centre, located at the 2- and 5-positions. The production of aspergillic acid by Aspergillus 
flavus requires the presence of an amino-acid source in the culture medium (White and Hill, 
J. Bact., 1943, 45, 433). This, taken in conjunction with the fact that the side chains are not 
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both sec.-butyl groups, suggests that aspergillic acid is derived from two different amino-acids 
thus : * 
NH, 


H 
RZ * Ma 
RCH Gout ol IR’ or R( \2 
—_> N: | , 
CO,H CHR’ OH nZ 
NH, 


If leucine and isoleucine are assumed to be the parent amino-acids, the derived cyclic hydrox- 
amic acid would be (IV) or (V); similarly, norleucine with isoleucine would give rise to the 
cyclic hydroxamic acids (VI) or (VII). 

One of the major reasons which led Dutcher and Wintersteiner to assign the specific struc- 
ture (I) to aspergillic acid was the fact that the acid can be converted into a compound 
C,2.H,,0,N, which, apart from optical differences, appeared to be identical with pt-isoleucine 
anhydride (III). If aspergillic acid is (IV) or (V), the derived diketopiperazine will be leucyl- 
isoleucine anhydride (VIII), and if the acid is (VI) or (VII) the diketopiperazine will be nor- 
leucylisoleucine anhydride (IX). For purposes of comparison, we have prepared the three 
diketopiperazines (III), (VIII), and (IX), and the compound C,,H,,0,N, from aspergillic acid. 
DL-isoLeucine anhydride was prepared by a method described by Baxter and Spring (loc. cit.) 
and also by a method described by Dutcher (loc. cit.). 

A leucylisoleucine anhydride, m. p. 273—277°, [«]p —15-9°, has been isolated from hog 
bristles (Abderhalden and Komm, Z. physiol. Chem., 1924, 184, 113), and a leucylisoleucine 
anhydride, m. p. 291°, [«]» —35-8°, has been obtained from t-leucyl-p-isoleucine methyl ester 
(Abderhalden and Hirsch, Ber., 1910, 48, 2435). We have prepared pt-leucyl-pL-isoleucine 
anhydride (2: 5-diketo-3-isobutyl-6-sec.-butylpiperazine) (VIII) by two different methods, in 
the first of which the dipeptide pL-leucyl-pL-isoleucine (X) (Abderhalden, Hirsch, and Schuler, 
Ber., 1909, 42, 3394) is dehydrated to the diketopiperazine by heating with $-naphthol (cf. 
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* Biogenetic considerations led Dutcher to postulate that the side chains are both sec.-butyl groups, 
and the possibility of isoleucine being the biochemical precursor of aspergillic acid was discussed since 
two moles of isoleucine supply the necessary carbon and nitrogen skeleton for the structure (I). This 
author reported that experiment failed to disclose the direct utilisation of this amino-acid for the form- 
ation of ee per acid. We have found that if an enzymic hydrolysate of casein is replaced by an 
acid hydrolysate of the same protein, A. flavus does not produce aspergillic acid. 
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Lichtenstein, J. Amer. Chem. Soc., 1938, 60, 560). The second method was by esterification 
of «-bromoisohexoyl-pDL-isoleucine followed by treatment of the product with ammonia under 
pressure. DL-Norleucyl-pi-isoleucine anhydride (2: 5-diketo-3-n-butyl-6-sec.-butylpiperazine) 
(IX) was obtained by the condensation of a-bromo-n-hexoyl bromide with pi-isoleucine to 
give a-bromo-n-hexoyl-DL-isoleucine (XI). Esterification of (XI) followed by treatment of the 
ester with alcoholic ammonia yielded the diketopiperazine (IX). A second method was by 
condensation of «-bromo-$-methylvaleryl chloride with pi-norleucine to give «-bromo-f-methyl- 
valeryl-p.-norleucine (XII) which was esterified and the ester treated with ammonia. The 
solubility properties of isoleucine anhydride, pi-leucyl-p1-isoleucine anhydride, p1-norleucyl- 
pL-isoleucine, and the compound C,,H,,O0,N, from aspergillic acid are similar, and they each 
melt within the range 255—282°. The melting point of these compounds is not a satisfactory 
criterion; it is complicated by a tendency to sublimation, and varies according to the rate 
of heating and the initial temperature of the bath. 

We confirmed the observation of Dutcher that the melting point of the compound 
C,,H,,0,N, from aspergillic acid is not depressed when mixed with pt-isoleucine anhydride. 
A mixture of the former with pL-norleucyl-pL-isoleucine anhydride on the other hand shows 
a slight but consistent depression. The compound C,,H,,0,N, from aspergillic acid is not 
depressed in melting point when mixed with p1-leucyl-pL-isoleucine anhydride. This latter 
observation nullifies the most important evidence adduced in favour of the specific structure (I) 
for aspergillic acid. Furthermore, it leads to the conclusion that (XIII) and (XIV) are possible 
structures for deoxyaspergillic acid, and that aspergillic acid may be either (IV) or (V). 


EXPERIMENTAL. 


Aspergillic Acid—The medium was prepared by dissolving the casein hydrolysate ‘‘ Pronutrin ” 
(20 g.) and sodium chloride (5 g.) in distilled water (1 1.). The culture solution was distributed in 
’ flasks each containing, approximately, 380 c.c. of solution (1-5 cm. depth) which were then steam- 
autoclaved for 15 minutes at 15 lbs. After this treatment, the medium contained a slight sediment 
and had pH 5-4—5-6. The inoculum consisted of the spores from two ten-day beer wort-agar slopes 
of A. flavus incubated at 25°, suspended in distilled water (100 c.c.); 5 c.c. of this inoculum were added 
to each flask. The flasks were incubated at 23° + 1° for 14 days; growth was scanty, and there was 
some sporulation on about the twelfth day. The mycelium was removed, and the filtrate from 100 
flasks (33 1.; pH 7-8) adjusted to pH 4-0 by addition of 3n-hydrochloric acid. The mixture was filtered, 
and the filtrate stirred for 3 hours with charcoal (700 g.). The charcoal was dried in air and extracted 
(Soxhlet) with ether. The red ethereal solution was concentrated to 250 c.c., extracted with 2n-sodium 
hydroxide (2 x 150 c.c.), the extract acidified with 33% acetic acid, and the mixture kept at 0° over- 
night. The separated solid was collected and shaken for 6 hours with 2% sodium hydrogen carbonate 
solution. The insoluble fraction (430 mg.; solid A) was removed, and the filtrate was acidified by 
the dropwise addition of 33% acetic acid with stirring during 3 hours. The solid was collected, dried 
(8 g.; m. p. 80—85°), and purified by again dissolving it in sodium hydrogen carbonate solution followed 
by precipitation with 33% acetic acid as described above. Crystallisation from methanol gave asper- 
gillic acid as radial clusters of yellow needles. After sublimation at 80°/10-* mm., it has m. p. 97—99°, 
[ali + 13-3° + 2° (c, 3-9 in ethanol), pK, = 5-95. In ethanol solution it exhibits a tion maxima 
at 3280 a., ¢ = 8,300, and 2340 a., « = 6,600-(Found: C, 64-2, 64-5; H, ‘8-9, 8-8; N, 12-3. Calc. for 
CisH0,N,: C, 64:3; H, 8-9; N, 12-5%)/%500 

Compound, C,,H,,ON,.—The solid A was,shaken with 2n-sodium hydroxide for 1 hour, the mixture 
filtered from resinous matter, and the filtrate acidified by addition of 33% acetic acid. The solid was 
collected, and after repeated crystallisation from aqueous methanol the compound separated as needles, 
m. p. 143—145°. It is insoluble in water and in sodium hydrogen carbonate solution, but soluble 
in 3n-hydrochloric acid and in 3n-sodium hydroxide. It does not give a coloration with aqueous 
ferric chloride solution, and it sublimes unchanged at 115°/10-* mm. [Found (two different preparations) : 
C, 68-9, 68-9, 69-0; H, 9-35, 9-55, 9-3; N, 13-7. C,,H,,ON, requires C, 69-2; H, 9-6; N, 13-5%]. 

Deoxyaspergillic Acid.—A solution of aspergillic acid (2 g.) in ethanol (60 c.c.) was treated with 99% 
hydrazine hydrate (2 c.c.) and heated in an autoclave at 170° for 9 hours. The mixture, which then 
gave a negative test with ferric chloride, was evaporated under reduced pressure, the residue dissolved 
in ether, and the solution extracted with 3n-hydrochloric acid (5 x 10 c.c.). The extract was neutral- 
ised (litmus) by the addition of scdium hydroxide solution, the solid collected and dissolved in ether, 
and the solution extracted with 3n-sodium hydroxide. The alkaline extract was neutralised by addition 
of hydrochloric acid and purified by sublimation and crystallisation from aqueous methanol, from 
which deoxyaspergillic acid separates as needles, m. p. 98—100°, [a]}° +21-3° + 1° (c, 2-55 in ethanol) 
ard a (Found: C, 69-3, 69-35; H, 9-3, 9-6; N, 13-4. Calc. for C,,H,,ON,: C, 69-2; H, 9-6; 

, 135%). 


Racemisation of Deoxyaspergillic Acid.—A solution of deoxyaspergillic acid (260 mg.) in N-potassium 
hydroxide (12-5 c.c.) was heated in an autoclave at 170° for 24 hours. The solution was neutralised 
by addition of dilute hydrochloric acid, and the precipitated solid collected and crystallised from aqueous 
methanol, from which the racemate separates as needles, m. p. 103—104°, [a]}J° 0° + 1° (c, 3-5 in ethanol). 
A mixture of deoxyaspergillic acid (m. p. 98—100°) and racemic deoxyaspergillic acid had m. p. 100— 
102°. A mixture of racemic deoxyaspergillic acid and 3-hydroxy-2 : 5-di-sec.-butylpyrazine (m. p. 122°) 
melted at 80—88°. Light absorption in alcohol: Maxima at 2280 a., « = 7000, and 3250 a., ¢« = 8400 

I 
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(Found: C, 69-0; H, 9-6.* C,,H,,ON, requires C, 69-2; H, 96%). 3-Hydroxy-2 : 5-di-sec.-butyl- 
pyrazine was recovered unchanged (m. p. and mixed m. p.) after similar treatment with alkali. 

Phenylazodeoxyaspergillic Acid.—A solution of deoxyaspergillic acid (0-7 g.) in 3N-sodium hydroxide 
(35 c.c.) was treated at 0° with an ice-cold solution of benzenediazonium chloride prepared from aniline 
(1-2 c.c.), hydrochloric acid (d 1-16; 10-5 c.c.), water (10-5 c.c.), and sodium nitrite solution. The 
yellow solid was collected and washed with a little water. It was suspended in warm water, and the 
mixture acidified to Congo-red with dilute hydrochloric acid. The solid (0-87 g.) was filtered and 
crystallised from aqueous alcohol (charcoal) from which phenylazodeoxyaspergillic acid separates as red 
~~ 3 p. 188—190° (Found: C, 69-4; H, 7-4; N, 18-1, 17-8. C,H, ON, requires C, 69-3; H, 7-7; 

, 17-95%). 

The phenylazo-derivative of racemic deoxyaspergillic acid was obtained using the same procedure 
(yield 75%). It separates from aqueous alcohol as red needles, m. p. 188—190° either alone or with 
phenylazodeoxyaspergillic acid (Found: N, 18-1%). 

6-Phenylazo-3-hydroxy-2 : 5-di-sec.-butylpyrazine, prepared by the method described above, separates 
from aqueous ethanol as light red needles, m. p. 200° (yield, 94%). A mixture of this and the phenylazo- 
derivative of deoxyaspergillic acid had m. p. 188—190°, and a mixture with the ge gg oy 
of racemic ae ee acid had m. p. 188—190-5° (Found: C, 69-2; H, 7-5; N, 17-6. C,,H,ON, 
requires C, 69-3; H, 7-7; N, 17-95%). 

pi-Leucyl-pL-isoleucine Anhydride (2 : 5-Diketo-3-isobutyl-6-sec.-butylpiperazine).—{a) a-Bromoiso- 
hexoyl-pL-tsoleucine was prepared by the method described by Abderhalden, Hirsch, and Schuler 
(loc. cit.) who give m. p. 146—149° (corr.). According to our repeated observations, this derivative has 
a considerably — m. p. The reaction solution obtained, using the conditions described by Abder- 
halden e¢ al., was filtered and acidified with 5n-hydrochloric acid; the product separated as an oil which 
quickly solidified, and then had m. p. 142—144°. After 6 recrystallisations from aqueous alcohol, 
a-bromoisohexoyl-p1-isoleucine separated as plates, m. p. 178-5° (uncorr.) (Found: C, 46-8; H, 7-1; 
N, 4:4. Calc. for C,,H,,O,NBr: C, 46-75; 7 7-1; N, 45%). <A solution of «-bromoisohexoyl-pi- 
isoleucine (65 g.) in ammonia (d 0-88; 370 c.c.) was kept in a tightly stoppered flask at room temperature 
for 4 days. The ammonia was removed, and the solution concentrated to 100 c.c. p1t-Leucyl-pL- 
isoleucine separated on standing as rhombic prisms, m. p. 261—262°; it was recrystallised from water 
containing a little alcohol from which it separates as rhombic prisms, m. p. 272° (266—267° in a sealed 
tube) [Abderhalden, Hirsch, and Schuler give m. p. 262—263° (corr.) (yield, 33%)]. The dipeptide gives 
a positive ninhydrin reaction which is slow in Soutepieg. The colour (grey-blue) is weak compared 
with the colours wey using either leucine or isoleucine (Found: C, 59-1; H, 10-25; N, 11-5. ° 
Calc. for C,,H,,O,N,: C, 59-0; H, 9-8; N, 115%). 

The dipeptide (15 g.) was heated for 3 hours with £-naphthol (65 g.) at 135—150°. The cooled mix- 
ture was ground to a fine powder and extracted with ether. The insoluble solid, m. p. 272—273° 
(11-4 g., 84%), was crystallised from alcohol, from which pt-leucyl-p1-isoleucine anhydride separated 


as long felted needles, m. p. 275—276° (sealed tube), with some sublimation. A mixture of this diketo- 

piperazine with pL-tsoleucine anhydride, m. p. 280—281° (sealed tube), prepared by the ethylene glycol 

method described by Baxter and Spring (loc. cit.), had m. p. 270—272°. A mixture of pL-leucyl-pL- 

tsoleucine anhydride with the compound Cp edaaOaNs (im. . 260—262°) from aspergillic acid had m. p. 
12**2 


263—265° (Found: C, 63-8; H, 9-8; N, 12-7. C 2O,N, requires C, 63-7; H, 9:7; N, 12-4%). 

(b) A solution of a-bromoisohexoyl-pL-isoleucine (19-5 g.), prepared as described above, in dry ethanol 
(200 c.c.) was saturated with dry hydrogen chloride and heated under reflux for 2 hours. The solution 
was evaporated under reduced pressure, and a mixture of the gum, alcohol (200 c.c.), and liquid ammonia 
(ca. 75 c.c.) heated for 4 hours at 140° in an autoclave. The solid separating on cooling was recrystal- 
lised from ethanol, from which pt-leucyl-p1i-isoleucine anhydride (5 g.) separated as needles, m. p. 
261—262°. It was recrystallised 4 times from ethyl acetate, from which it separates as long needles, 
m. p. 266—267°, undepressed with the specimen described above. A mixture with pL-zsoleucine 
anhydride (m. p. 280—282°, sealed tube), prepared either by the method of Baxter and Spring (/oc. cit.) 
or a that described by Dutcher (/oc. cit.), had m. p. 266—269°. A mixture with the compound 
Cul fia). from aspergillic acid (m. p. 260—262°) had m. p. 263—265° (Found: C, 63-4; H, 9-7; 

, o/;* 

a-Bromo-n-hexoyl-DL-isoleucine.—a-Bromo-n-hexoyl bromide (b. p. 54—58°/2 mm.) (48 g.) and 
n-sodium hydroxide (270 c.c.) were added simultaneously with vigorous stirring at 0° to an ice-cooled 
solution of pL-tsoleucine (20 g.) in N-sodium hydroxide (150 c.c.) during 30 minutes. The mixture 
was acidified by addition of 5n-hydrochloric acid (54 c.c.), and extracted with ether. The extract was 
dried (Na,SO,) and the solvent removed. The crystalline solid (8-5 g.), m. p. 165—167°, was recrystal- 
lised repeatedly from aqueous ethanol, from which a-bromo-n-hexoyl-pL-isoleucine separated in plates, 
m. p. 168—170° (Found: C, 47-1; H, 6-9; N, 4-5. C,,H,,.O,NBr requires C, 46-75; H, 7-1; N, 4-5%). 

a-Bromo-B-methylvaleryl-pL-norleucine.—a-Bromo-f-methylvaleryl chloride was condensed with 
DL-norleucine by the above method. The product was crystallised from ether-light petroleum (b. p. 
60—80°), from which a-bromo-B-methylvaleryl-pi-norleucine separated in needles, m. p. 115—116° 
(yield 65%) (Found: C, 47-0; H, 7:3; N, 4:8. C,,H,,O,NBr requires C, 46-75; H, 7-1; N, 45%). 

DL-Norleucyl-pL-isoleucine Anhydride (2: 5-Diketo-3-n-butyl-6-sec.-butylpiperazine).—({a) A solution 
of a-bromo-n-hexoyl-pt-isoleucine (1 g.) in dry ethanol (20 c.c.) was saturated with dry hydrogen 
chloride and heated under reflux for 2 hours. The alcohol and hydrogen chloride were removed under 
reduced pressure, and the residual gum heated at 140° with alcohol (20 c.c.) and excess liquid ammonia 
in an autoclave for 4 hours. The mixture was concentrated and cooled, and the crystalline solid separ- 
ating (240 mg.), m. p. 253—255°, collected. Recrystallisation from ethyl acetate gave pi-norleucyl- 
DL-isoleucine anhydride as felted needles, m. p. 258—260°; it is readily soluble in alcohol and acetone, 
moderately soluble in ether and ethyl acetate, and insoluble in water. This diketopiperazine is un- 
depressed in m. p. when mixed with pt-leucyl-pt-isoleucine anhydride, m. p. 266 —267°, and also 
when mixed with isoleucine anhydride, m. p. 280—282°. A mixture of pt-norleucyl-pL-isoleucine 
anhydride and the compound C,,H,,0,N, from aspergillic acid (m. p. 259—260°) had m. p. 257—259°; 
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similar slight depressions in m. p. were observed on mixing several different preparations of the synthetic 
diketopiperazine with the compound C,,H,,O0,N, from aspergillic acid (Found: 64-0; H, 9-7; N, 12-2. 
CisH,0,N, requires C, 63-7; H, 9-7; N, 124%). 

(b) A solution of «-bromo-f-methylvaleryl-pi-norleucine (25 g.) in dry ethanol (250 c.c.) was saturated 
with dry hydrogen chloride and heated under reflux for 4 hours. The mixture was evaporated under 
reduced pressure, and the product heated at 120° in an autoclave with alcohol (250 c.c.) and excess of 
liquid ammonia (ca. 75 c.c.). The solid which separated on cooling was recrystallised from ethyl acetate 
and then from aqueous ethanol, from which pt-norleucyl-pt-isoleucine anhydride (3-5 g.) separated as 
felted bo og m. p. 259—260°, undepressed when mixed with the specimen described under (a) (Found: 
C, 63-6; H, 9-6; N, 12-2%). 


Early loratory experiments on the growth of A. flavus were carried out in Manchester University 
with the collaboration of Dr. A. H. Gowenlock to whom we express our thanks. Grateful acknow- 
ledgment is made of grants from Imperial Chemical Industries Limited and of a Maintenance Award 
from The Department of Scientific and Industrial Research (to J. J. G.). 
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$28. Aspergillic Acid. Part II. The Conversion of Aspergillic 
Acid into Leucine and isoLeucine (or alloisoLeucine). 


By Grorce Dunn, G. T. NEwBotp, and F. S. SPRING. 


The compound C,,H,,0,N,, obtained from aspergillic acid by bromination followed by 
treatment with zinc and acetic acid, is shown to be 2: 5-diketo-3-isobutyl-6-sec.-butyl- 
piperazine (leucylisoleucine anhydride) since, on hydrolysis, it yields a mixture of leucine and 
tsoleucine (or alloisoleucine). It follows that aspergillic acid is either (I; R = Bu’, R’ = Bu’) 
or (I; R = Bu!, R’ = Bu’). 


TREATMENT Of aspergillic acid with bromine followed by reduction of the monobromo-derivative 
with zinc and acetic acid gives a compound, C,,H,,0,N,, considered by Dutcher (J. Biol. Chem., 
1947, 171, 341) to be an active isoleucine anhydride. In Part I (this vol., p. S 126) it is shown that 
the side chains in aspergillic acid cannot both be sec.-butyl groups from which it follows that the 
compound C,,H,,0,N, cannot be an isoleucine anhydride. Furthermore, we showed that the 
identification of the compound C,,H,,0,N, as isoleucine anhydride by the absence of a mixed 
melting-point depression is not reliable since the compound C,,H,,0,N, is also undepressed in 
melting point when mixed with leucylisoleucine anhydride. 

Assuming the general formula (I) for aspergillic acid, the only limitations upon the nature of 
the side chains are that R + R’ must equal C,H,,, and that one of these side chains must contain 
an asymmetric centre. Furthermore, even the general formula (I) is a simplification which has 
not been rigorously established; although it is established that one nuclear position is 
unsubstituted, the decision that this is the 5-position (in a 2-hydroxypyrazine nucleus) is 
dependent upon the assumption that the compound C,,H,,0,N, is a 2: 5-diketopiperazine, a 
conclusion which has not been established. These considerations suggested that attempts to 
synthesise deoxyaspergillic acid should be preceded by attempts to obtain further information 
concerning the specific nature of the side chains. 

The side chains of aspergillic acid have now been identified as a sec.-butyl and an isobutyl 
group by an examination of the compound C,,H,,0,N,. Complete hydrolysis of 2 : 5-diketo- 
piperazines to the related amino-acids is in general a difficult procedure, and relatively few cases 
of such direct hydrolyses have been reported. Model experiments using isoleucine anhydride 
showed that this 2 : 5-diketopiperazine is converted into isoleucine in good yield by prolonged 
refluxing with 48% hydrobromic acid. This method when applied to the compound C,,H,,0,N, 
gave, again in high yield, a product which had the general properties of an a-amino-acid. The 
absence of glycine, alanine, valine, and norvaline from this hydrolysis product was readily 
demonstrated by the paper strip partition chromatographic method of Consden, Gordon, and 
Martin (Biochem. J., 1944, 38, 224) with n-butanol saturated with water as the mobile phase. 
Furthermore, the behaviour of the hydrolysate on the strip was indistinguishable from that of 
leucine or that of isoleucine or from that of a mixture of these two amino-acids. The hydrolysate 
was converted into its copper salt which was separated into a relatively water-soluble fraction 
and a relatively water-insoluble fraction. Regeneration of the amino-acid from the latter gave 
Dt-leucine (III) identified as its 3: 5-dinitrobenzoyl derivative and by its conversion into 
isovaleraldehyde by reaction with ninhydrin. The more soluble copper salt was reconverted 
into the corresponding «-amino-acid, degradation of which with ninhydrin gave methylethyl- 
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acetaldehyde, thus proving that the a-amino-acid is isoleucine (or alloisoleucine) (IV). The 
compound C,,H,,0,N, is, therefore leucylisoleucine anhydride(2 : 5-diketo-6-isobutyl-3-sec.- 
butylpiperazine) (II) and deoxyaspergillic acid is either 3-hydroxy-5-isobutyl-2-sec.-butyl- 
pyrazine (V) or 3-hydroxy-2-isobutyl-5-sec.-butylpyrazine (VI) from which it follows that 
aspergillic acid is either (I; R = Bu’, R’ = Bu!), or (I; R = Bul, R’ = Bu’). 


N NH H,N 
‘NR ’ 

at Te H-CHMeEt a H-CHMeEt 
i CHMe, ‘CH, ~ 9 CHMe, ‘CH, 4 oH fV:) 
H NH NH, 
(I.) (II.) (III.) 


N N 
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Me, NH :0 CHMeEt— NH :0 
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EXPERIMENTAL. 


3 : 5-Dinitrobenzoyl-pi-norleucine was prepared by using the method described by Saunders (Biochem. 
-, 1934, 28, 580). It separates from 50% ethanol as microcrystalline plates, m. p. 202—204° (Found : 
, 47-6; H, 4-9; N, 12-9. C,,;H,,0,N, requires C, 48-0; H, 4-6; N, 12-9%). 

3 : 5-Dinttrobenzoyl-pL-leucine ~ 9g as pale yellow plates from aqueous ethanol, m. p. 195—198° 
(with some sintering at 185°) (Found: C, 48-1; H, 4-6; N, 12-8%). 

3 : 5-Dinitrobenzoyl-pi-isoleucine separates as plates from aqueous alcohoi, m. p. 189—192° (sinters 
at 180°) (Found : C, 48-2; H, 4-6; N, 13-2%). 

Diketopiperazine C,,H,,0,N, from Aspergillic Acid.—The diketopiperazine was prepared from 
aspergillic acid in 27% id by using the method described by Dutcher (J. Biol. Chem., 1947, 171, 321, 341). 
It separates from aqueous methanol as needles, m. p. 261—262° (sealed tube) with some sublimation; 
{a} +10-7° (7, 1; c, 0-94 in methanol). Dutcher gives m. p. 249—250° with sublimation, («]p + 13-8°, 
and does not record an analysis of this compound (Found: C, 63-7; H, 9-6; N, 12-5. C,,H,,O,N, requires 
C, 63-7; H, 9-7; N, 12-4%). 

Hydrolysis of isoLeucine Anhydride—isoLeucine anhydride was prepared by two methods; a 
modification of Fischer’s method (Ber., 1901, 34, 433; 1906, $9, 2960) for the preparation of pi-leucine 
anhydride as described by Dutcher (Joc. cit.) gave pi-isoleucine anhydride as needles from aqueous 
me ol, m. p. 280—283° (sealed tube), with sintering above 270° (Found: C, 63-4; H, 9-6. Calc. for 
C,,H,,0,N,: C, 63-7; H, 9-7%). By using the method described by Baxter and Spring (J., 1947, 
1179), isoleucine anhydride was obtained as needles from aqueous methanol, m. p. 277—280° (sinters 
268°) (Found : C, 63-6; H, 10-1; N, 12-1. Calc. for C,,H,,O,N,: C, 63-7; H, 9-7; N, 12-4%). 

isoLeucine anhydride (2 g.) was refluxed with 48% hydrobromic acid (20 c.c.), for 20 hours. The 
solution was evaporated to dryness under reduced pressure, the residue dissolved in a little water, and the 
solution treated with excess of silver hydroxide. The silver bromide—silver hydroxide mixture was 
removed by filtration, and the filtrate treated with hydrogen sulphide and filtered. The filtrate was 
evaporated to dryness, the residue dissolved in a little water, and the solution clarified by treatment with 
charcoal (50 mg.) and evaporated to dryness. The white powdery residue was crystallised from boiling 
water, from which isoleucine separated as small plates, m. p. 260—263° (sealed tube with sublimation) 
(yield, 60%); it gave a positive ninhydrin test (Found : C, 55-3; H, 10-1; N, 10-8. Calc. for C,H,,0,N : 

, 55-0; H, 9-9; N, 10-7%). 

The N-formyl derivative was obtained as plates, m. p. 117—119° undepressed when mixed with an 
authentic specimen. 

Hydrolysis of Compound C,,H,,0,N,.—The compound C,,H,,0,N, (500 mg.) was refluxed with 48% 
hydrobromic acid (10 c.c.) for 12 hours, and the saebeak suis ah cautions described above for 
tsoleucine anhydride. The hydrolysis product (425 mg.) is a white powder, [a]p = 0° + 1° (c, 0-95 in 
water), which gives a positive ninhydrin test. 

A solution of the hydrolysate (420 mg.) in water (150 c.c.) was treated with a warm solution of cupric 
acetate (320 mg.) in water (50c.c.). The copper salt was filtered off (filtrate A) and shaken with 150 c.c. of 
water and collected, the filtrate being rejected. The solid was shaken with methanol (75 c.c.), and again 
filtered. The copper salt was seopentied in water (50 c.c.) and treated with hydrogen sulphide, and the 
mixture filtered. The filtrate was clarified by treatment with charcoal (50 mg.), concentrated to 3 c.c., 
and diluted with an equal volume of ethanol. On standing, pi-leucine separated; after 2 
recrystallisations from aqueous ethanol, it was obtained as plates, m. p. 273—277° (65 mg.), which give a 
positive ninhydrin test (Found : C, 54-9; H, 9-5. Calc. forC,H,,0,N : C, 55-0; H, 99%). 

The 3 : 5-dinitrobenzoyl derivative was prepared by the method described above. It separates from 
ethanol as plates, m. p. 194—196-5°. A mixture of this derivative with 3 : 5-dinitrobenzoyl-p1-leucine 
(m. p. 195- 198°) had m. p. 195-5—197°, and a mixture with 3 : 5-dinitrobenzoyl-pt-isoleucine (m. p. 
189—191°) had m. p. 180—183°. 

_ A solution in water (25 c.c.) of pi-leucine (80 mg.) isolated from the hydrolysate was treated with 
ninhydrin (75 mg.), and distilled in a stream of carbon dioxide into an aqueous solution of 2 : 4-dinitro- 
phenylhydrazine hydrochloride; 10 c.c. of distillate were collected in 30 minutes. The phenylhydrazone 
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was collected (60 mg.) and eT mT from ethanol to yield isovaleraldehyde 2: 4-dinitrophenyl- 
hydrazone as orange plates, m. p. 119—120°. undepressed when mixed with an authentic specimen. A 
mixture with methylethylacetaldeh pa 2: a tan a aes (m. p. 129—130°) shows a 
considerable m. p. depression (Foun 49-6; H, 5-05; N, 21-3. Calc. for C,,H,,O,N,: C, 49-6; 
H, 5-3; N, 21-19). 

The filtrate A was evaporated to dryness, and the residue extracted with warm methanol 
(2 x 30c.c.). The methanol extract was evaporated under reduced pressure, and the residue suspended 
in water (40 c.c.) and decomposed by treatment with hydrogen sulphide. After filtration, the solution 

was evaporated to dryness; the residue was dissolved in water (10 c.c.), and the solution clarified with 
thate and evaporated to dryness. The isoleucine ye age (92 mg.) separated from aqueous 
alcohol as small plates, m. p. 250—253°, [a]p —0-35° +0-7° (J, 2; c, 0-4 in water); it gives a positive 
ninhydrin reaction (Found: N, 10-1, 10- “2. Calc. for C,H,,0,N : N, 9-9%). 

A solution of the amino-acid (90 mg.) was treated with ninhydrin as described for p-leucine to yield 
methylethylacetaldehyde 2: 4-dinitrophenylhydrazone (80 mg.) which was twice recrystallised from 
ethanol from which it separated as orange plates, m. p. 127—129°, undepressed when mixed with a 
specimen prepared from authentic DL- re wo a mixture with isovale dehyde 2 : 4-dinitr ar 
hydrazone prepared from pi-leucine showed a depression in m. p. (Found: C, 49-4, 49-7; 

4-9; N, 20-9. Calc. for C,,H,,O,N,: C, 49-6; H, 5-3; N, 21-1%). 


THE Royat TECHNICAL COLLEGE, GLasGow. (Received, July 22nd, 1948.] 





S29. 2-Aminopyridine 1-Ozxide. 
By G. T. NEwsorp and F. S. Sprine. 


Picolinic acid has been converted into picolinamide 1-oxide and thence into 2-aminopyridine 
l-oxide (III). Some reactions of the latter are described. 


WE have recently described a synthesis of the simple cyclic hydroxamic acid, 1-hydroxy-2- 
pyridone (2-hydroxypyridine 1l-oxide) (I) by the peroxidation of 2-ethoxypyridine followed by 
acid hydrolysis of the product, and a similar method was employed for the synthesis of 
1-hydroxycarbostyril (2-hydroxyquinoline l-oxide) (II) (Newbold and Spring, /J., 1948, 1864). 
This paper describes a synthesis of 2-aminopyridine 1l-oxide (III) [2-imino-l-hydroxy-1 : 2- 
dihydropyridine (IV)] which was undertaken in the hope that it would offer an alternative route 
to the pyridine hydroxamic acid (I). 

Although simple derivatives of 2-aminopyridine l-oxide do not appear to have been 
previously described, Bauer (Ber., 1938, 71, 2226) has prepared 2-amino-3-phenylquinoline 
l-oxide (VI, R = Ph) and ethyl 2-aminoquinoline-3-carboxylate l-oxide (VI; R = CO,Et) by 
partial reduction of o-nitro-«-phenylcinnamonitrile (V; R = Ph) and ethyl o-nitro-a-cyano- 
cinnamate (V; R = CO,Et) respectively, using hydrogen and a palladium catalyst; Bauer 
commented that these compounds could also be represented by the tautomeric ciphers (VIa). 
A relatively simple method has now been developed for the preparation of 2-aminopyridine 
l1-oxide starting from picolinic acid. 

Picolinic acid l-oxide (VII; R = OH) has been obtained by Diels and Alder (Amnalen, 
1932, 498, 16; 1933, 505, 103) by peroxidation of picolinic acid (cf. Diels and Meyer, Annalen, 
1934, 518, 129; Borrows, Holland, and Kenyon, J., 1946, 1069). Esterification of picolinic 
acid 1-oxide by methanolic hydrogen chloride followed by treatment of the ester with ammonia 
gave picolinamide l-oxide (VII; R = NH,) in excellent yield. Direct oxidation of picolinamide 
with hydrogen peroxide gave the ammonium salt of picolinic acid 1-oxide and not picolinamide 
l-oxide; it is noteworthy that picolinic acid l1-oxide, its amide, and its ammonium salt all melt 
at ca. 162°. Using the conditions under which picolinic acid is converted into the 1-oxide, 
methy] picolinate is unchanged after treatment with hydrogen peroxide. 
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Treatment of picolinamide l-oxide with alkaline hypobromite solution yielded 2-amino- 
pyridine 1-oxide. The possibility of an intramolecular rearrangement during this reaction 
resulting in the formation of 2-hydroxylaminopyridine was excluded by the synthesis of the 
latter by the partial reduction of 2-nitropyridine (Kirpal and Bohm, Ber., 1932, 65, 680; 1931, 
64, 767) with hydrogen in the presence of a platinum catalyst. 2-Hydroxylaminopyridine is 
different from the product obtained from picolinamide 1-oxide. 

2-Aminopyridine 1-oxide does not liberate iodine from acidified potassium iodide solution. 
It has been characterised by the preparation of a monohydrochloride and a diacetate. It forms 
an unstable picrate which decomposed on attempted recrystallisation. One of the most 
characteristic properties of 2-aminopyridine 1l-oxide is the intense, pure blue coloration which 
it gives with ferric chloride solution. Attempts to convert 2-aminopyridine 1l-oxide into 
1-hydroxy-2-pyridone (I) by treatment with alkali under relatively drastic conditions were 
unsuccessful, the material being recovered unchanged. Reduction of 2-aminopyridine 1l-oxide 
with tin and hydrochloric acid proceeds smoothly with the formation of 2-aminopyridine. 


EXPERIMENTAL. 


Picolinamide 1-Oxide.—({a) Dry hydrogen chloride was passed through a refluxing solution of picolinic 
acid 1l-oxide (2-5 g.) in dry methanol (40 c.c.) for 2} hours. The solution was concentrated under reduced 
pressure, and diluted with iced water (30 c.c.). The mixture was made alkaline by the addition of solid 
sodium hydrogen carbonate and extracted with chloroform (6 x 30 c.c.). The dried (Na,SO,) extract 
was evaporated and the oil treated with aqueous ammonia (d 0-88; 40c.c.). After standing overnight, 
the crystalline solid was collected and recrystallised from methanol to yield picolinamide 1l-oxide as 
prismatic needles, m. p. 161—162°. A second crop was obtained by concentration of the ammoniacal 
mother liquor (yield, 2-02 g.) (Found: C, 52-2, 52-5; H, 45, 4:3. C,H,O,N, requires C, 52-2; 
H, 4:3%). 

(d) x ice-cooled suspension of picolinic acid l-oxide in methanol, obtained by rapidly chilling a 
boiling solution of the acid (2-0 g.) in methanol (15 c.c.), was treated with an ethereal solution of 
diazomethane prepared from nitrosomethylurea (12 g.), potassium hydroxide solution (50%, 40 c.c.), 
and ether (80 c.c.). The diazomethane solution was added dropwise with shaking. The slightly yellow 
solution was filtered from unchanged acid (100 mg.), and the filtrate evaporated under reduced pressure. 
The oily residue was dissolved in chloroform, and the solution washed with aqueous sodium hydrogen 
carbonate and again evaporated. The amber-coloured oil was treated with aqueous ammonia (d 0-88; 
30-c.c.) and kept overnight. The crystalline solid was collected and recrystallised from methanol 
(charcoal) to give picolinamide 1-oxide (300 mg.) as needles, m. p. 161—162°, undepressed when mixed 
with the specimen described above. 

(c) A solution of picolinic acid 1-oxide (2-0 g.) in aqueous ammonia (d 0-88; 20 c.c.) was evaporated 
under reduced pressure at 35°. The solid residue was crystallised from methanol-ether from which the 
ammonium salt of picolinic acid l-oxide separated as felted needles, m. p. 160—161° (decomp.). A 
solution of the ammonium salt (1-0 g.) in warm water (20 c.c.) was treated with a solution of silver 
nitrate (1-2 g.) in water (10c.c.). The crystalline silver salt (1-23 g.) was washed with distilled water and 
dried at 110° (Found: Ag, 43-3. C,H,O,NAg requires Ag, 43-9%). The dry, powdered, silver salt was 
refluxed for 30 minutes with methyl iodide (5 c.c.), the mixture diluted with chloroform and filtered, and 
the filtrate evaporated. Treatment of the residual oil with ammonia as described above gave 
picolinamide 1-oxide (170 mg.) as prismatic needles from methanol, m. p. 160—161° either alone or when 
mixed with the two specimens described above. 

Ammonium Picolinate 1-Oxide.—A solution of picolinamide (1-0 g.) (Engler, Ber., 1894, 27, 1784) in 
glacial acetic acid (4 c.c.) was treated with hydrogen peroxide (100 vol., 8 c.c.) and kept at 100° for 1 hour. 
The solution was evaporated under reduced pressure and the viscous oil dried in a vacuum over phosphoric 
oxide. Crystallisation from methanol-ether gave the ammonium salt as felted needles, m. p. 160—161° 
(decomp.) undepressed when mixed with the specimen obtained directly from picolinic acid 1-oxide. 
Treatment of the salt with cold 2N-sodium hydroxide liberates ammonia, and when this solution is 
boiled and acidified with hydrochloric acid it yields picolinic acid l-oxide, m. p. and mixed m. p. 161° 
(decomp.). When heated for 2 hours at 56°/1 mm. the ammonium salt loses ammonia and gives 
picolinic acid l-oxide, m. p. and mixed m. p. 161° (decomp.) (Found: C, 52-2; H, 3-8. Calc. for 
C,H,O,N: C, 51-8; H, 3-6%). 

2-Aminopyridine 1-Oxide.—Picolinamide 1l-oxide (0-55 g.) was added with vigorous shaking to an 
ice-cold solution of potassium hypobromite (10 c.c.). The hypobromite solution was prepared by the 
addition of bromine (2-05 c.c.) to 10% potassium hydroxide solution (100 c.c.) at 0°. The solid dissolved 
rapidly; after being kept at room-temperature for 20 minutes, the solution was heated at 80° for 15 
minutes. The solution was neutralised by the careful addition of acetic acid and evaporated to dryness 
under reduced pressure. The residual solid was dried at 100°/10 mm. and extracted with hot ethanol, 
and the filtered extract evaporated to dryness. The solid was extracted with boiling chloroform 
(5 x 10 c.c.), and the extract evaporated to dryness. The crystalline residue (210 mg.) sublimed at 
110—120°/10-* mm., and the crystalline sublimate recrystallised from light petroleum (b. P; 40—60°)- 
chloroform from which 2-aminopyridine l-oxtde separated as blades, m. p. 161—163°. It is readily 
soluble in water and ethanol, moderately soluble in chloroform, and sparingly soluble in benzene and 
light petroleum. It crystallises readily from pyridine, from which it separates as needles. An aqueous 
solution of 2-aminopyridine l-oxide gives with aqueous ferric chloride a deep, pure blue coloration 
which does not fade but is discharged by dilute hydrochloric acid. 2-Aminopyridine l-oxide was 
recovered unchanged (175 mg. from 200 mg.) after being heated with 10% potassium hydroxide solution 
at 130—140° for 7 hours and then at 190° for 1 hour (Found: C, 55-0; H, 5-3; N, 25-35. C;H,ON, 
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requires C, 54-5; H, 5-45; N, 25-45%). Light absorption in alcohol: Maxima at 2260 a.,¢ = 21,000; 
2480 a. (inflection), ¢ = 4000, and 3190 a.,¢ = 5000. 

2-Aminopyridine 1-oxide hydrochloride was prepared by passing dry hydrogen chloride into a solution 
of the base in methanol-ether; it separates from methanol-ether as fine needles, m. p. 1563—156° 
(Found: Cl, 24-6. C,H,ON,Cl requires Cl, 24-2%). 

2-Aminopyridine 1-Oxide Diacetate——2-Aminopyridine l-oxide (100 mg.) was refluxed with acetic 
anhydride (2 c.c.) for 5 minutes. The solution was evaporated under reduced pressure, and the solid 
crystallised from methanol (from which it separated as needles) and sublimed at 120°/3 mm. The 
diacetate separates from benzene-light petroleum (b. p. 40—60°) as leaflets, m. p. 158—160° (with some 
sintering at 150°). It does not give a colouration with aqueous ferric chloride (Found: N, 14:3. 
C,H ,,0,N, requires, N, 14-4%). 

2-A minopyridine.—2-Aminopyridine 1l-oxide (150 mg.) in hydrochloric acid (d 1-19; 3 c.c.) was 
heated under reflux with granulated tin (2-0 g.) for 4 hours, further portions of acid (3 c.c.) being added 
during this period. The solution was decanted from tin and evaporated to dryness. The residue was 
made alkaline with 5n-sodium hydroxide and extracted with ether (3 x 15.c.c.). The dried (Na,SO,) 
extract was evaporated, and the oily residue treated with ethanolic picric acid, whereupon a picrate, 
m. p. 218—220° (260 mg.), immediately separated. Recrystallised from ethanol, it formed small felted 
needles, m. p. 224—226°, not depressed when mixed with 2-aminopyridine picrate, m. p. 224—226° 
(Marckwald, Ber., 1894, 27, 1327, gives m. p. 216—217° for 2 aminopyridine picrate). 

2-Hydroxylaminopyridine.—A solution of 2-nitropyridine (1-24 g.) in dry ethanol (50 c.c.) was shaken 
with hydrogen at room temperature in the presence of platinum from platinum oxide (120 mg.) for 
15 minutes, by which time the rate of hydrogen absorption had markedly decreased (hydrogen 
absorbed = 460 c.c. at N.T.P.). The mixture was filtered, and the filtrate evaporated under reduced 
pressure. The oil partly crystallised after being kept at room temperature for 1 day. The solid was 
washed with a little benzene and recrystallised from benzene-light petroleum (b. p. 60—80°), from which 
2-hydroxylaminopyridine (250 mg.) separated as blades, m. p. 80—82°. After sublimation at 
70—80°/10-* mm. the m. p. was 83—85°. The compound gives a blue colouration with a little ferric 
chloride solution; on addition of excess of ferric chloride, the colouration changes to light green. 
2-Hydroxylaminopyridine is not stable in air; after 3 months, a sample had completely decomposed to 
give a dark brown resin (Found: C, 54-6; H, 5-4. C,;H,ON, requires C, 54:5; H, 5-45%). 


Grateful acknowledgment is made to Imperial Chemical Industries Limited for grants in aid of this 
work, 
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$30. Glotoxin. Part I. Synthesis of 2-Thio-3-methylindolo-1’ : 2'-1:5- 
hydantoin and its Identification as a Degradation Product of Gliotoxin. 


By J. A. EtvipcE and F. S. Sprina. 


The yellow compound C,,H,ON,S isolated from gliotoxin after treatment with alcoholic 
alkali is shown by synthesis to be 2-thio-3-methylindolo-1’ : 2’-1:5-hydantoin (III). A 
mechanism for the formation of this compound from gliotoxin is suggested and its bearing upon 
the location of the disulphide grouping in gliotoxin is discussed. 


GLIOTOXIN wa8 isolated by Weindling and Emerson (Phytopath., 1936, 26, 1068; see also 
Weindling, ibid., 1932, 22, 837; 1934, 24, 1153; 1937, 27, 1175; 1941, $1, 991) from culture 
filtrates of a mould considered to be Gliocladium fimbriatum. Subsequently gliotoxin has been 
recognised as a metabolic product of strains of Trichoderma viride (Brian, Nature, 1944, 154, 667 ; 
Brian and Hemming, Aun. Appl. Biol., 1945, 32, 214), Aspergillus fumigatus (Waksman and 
Geiger, J. Bact., 1944, 47, 391; Menzel, Wintersteiner, and Hoogerheide, J. Biol. Chem., 1944, 
152, 419; Glister and Williams, Nature, 1944, 158, 651), Peniciliia (Mull, Townley, and Scholz, 
J. Amer. Chem Soc., 1945, 67, 1626; Brian, Trans. Brit. Mycol. Soc., 1946, 29, 211), and an 
unidentified Aspergillus (Stanley, Australian J. Sci., 1944, 6, 151; Stanley and Mills, Australian 
J. Exp. Biol. Med. Sci., 1946, 24, 133). Gliotoxin has marked fungistatic properties having an 
activity as great as that of mercuric chloride against certain plant pathogens (Brian and 
Hemming, Joc. cit.). Johnson, Bruce, and Dutcher (J. Amer. Chem. Soc., 1943, 65, 2005) found 
that whereas both still- and submerged-culture methods for the production of gliotoxin were 
unsatisfactory, shake-cultures produced yields of 50 mg. per 1. of culture filtrate in a few days. 
More recently Brian and Hemming (loc. cit.) have described a less rapid but, in some important 
respects, more convenient process which, in essentials, resembles the quick fermentation method 
for the manufacture of vinegar. 

The chemical constitution of gliotoxin has been the subject of a series of investigations by 
Johnson and his collaborators (J. Amer. Chem. Soc., 1943, 65, 2005; 1944, 66, 614, 617, 619; 
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1945, 67, 423, 1736; 1947, 69, 2364) as a result of which the preferred structure (I) has been 
proposed. The presence of a disulphide grouping and of a pyrazinoindole nucleus in gliotoxin 
appear to be established with reasonable certainty. The points of attachment of the disulphide 
grouping to the pyrazinoindole nucleus on the other hand require support and confirmation. 

We have used the method of Brian and Hemming (loc. cit.) for the production of gliotoxin 
with minor modifications described in the experimental section. In the later stages of the 
growth of the mould, formation of coloured products was observed, and from the mother-liquors 
obtained from the isolation of gliotoxin we have separated, in very small amounts, two crystalline 
pigments, m. p.s 225—227° and 116—118° (decomp.), The latter compound differs from 
fumigatin (m. p. 116°) in that it is insoluble in aqueous sodium hydrogen carbonate. 

Our examination of gliotoxin, C,;H,,0,N,S,, has in the first place been limited to a study of 
the mode of attachment of the disulphide grouping to the nucleus. Reduction of gliotoxin with 
aluminium and water gives a sulphur-free compound C,,H,,0,N,, dethiogliotoxin, represented 
by Dutcher, Johnson, and Bruce (J. Amer. Chem. Soc., 1945, 67, 1736) as a simple derivative of 
gliotoxin (II). Estimation of C-methyl in gliotoxin and dethiogliotoxin pointed to the 
appearance of one C-methyl group in dethiogliotoxin during the change gliotoxin ——> dethio- 
gliotoxin, and accordingly one point of attachment of the disulphide grouping in gliotoxin 
appeared to be at C,,. In view of their great significance in the elucidation of the structure of 
gliotoxin, these experiments have been repeated and extended. Estimation of C-methyl in 
gliotoxin and dethiogliotoxin confirmed the presence of one C-methyl group in the latter and 
the absence of a C-methyl in the former. Additional support for this conclusion was obtained 
from a comparative examination of esters of gliotoxin and dethiogliotoxin. Dutcher, Johnson, 
and Bruce (/oc. cit.) observed that dethiogliotoxin appeared to react with various acid chlorides in 
the presence of pyridine, but no crystalline acyl derivatives could be isolated. We find that 
dethiogliotoxin can be acetylated smoothly by reaction with acetic anhydride to give a crystalline 
diacetyl derivative which is a normal O-acetyl derivative since it is reconverted into dethioglio- 
toxin by treatment with methanolic ammonia. Comparative estimation of C-methyl in 
gliotoxin dibenzoate (gliotoxin diacetate has not been obtained crystalline) and dethiogliotoxin 
diacetate again indicated that one C-methyl group is developed in passing from gliotoxin to 
dethiogliotoxin, and that this change can be represented as 


H,S‘S—C= 


WV ws 
6H 
—> \I/ + 2H,S 
- 
H 


C-Methyl determinations. 


Found, %. Calc., %. 
Gliotoxin , 4-6 
Dethiogliotoxin . 5-7} for 1 C-Me 
Gliotoxin dibenzoate ° 2-8 
Dethiogliotoxin diacetate ° 12-9 for 3 C-Me 


* High value possibly due to volatility of benzoic acid. 


The isolation of a diacyl derivative of dethiogliotoxin is a valuable indication that 
dethiogliotoxin is a simple derivative of gliotoxin, which also forms diacyl derivatives. 

Treatment of gliotoxin or its diacyl derivatives with methanolic potassium hydroxide gives in 
low yield a compound C,,H,ON,S which Dutcher, Johnson, and Bruce (J. Amer. Chem. Soc., 
1945, 67, 1736) suggested might be a thiohydantoin (III). An examination of this compound is 
of some importance, since its identification may be of value in locating the position of the 
disulphide group in gliotoxin. For this reason it appeared desirable to synthesise the 
thiohydantion (III). An attempt to cause indole-2-carboxymethylamide to react with dimethyl 
trithiocarbonate proved unpromising. An alternative approach in which it was hoped to obtain 
the intermediate (IV) by a Fischer indole synthesis from the phenylhydrazone (V) was 
abandoned since methyl pyruvate and pyruvic acid both reacted with 2-phenyl-4-methylthio- 
semicarbazide to yield the triazine (VI). Finally it was found that methyl indole-2-carboxylate 
reacts smoothly with methyl isothiocyanate in a sealed tube at 180°, to give a product, 
C,,H,ON,S, which proved to be identical with the degradation product from gliotoxin. 
Confirmation of identity was provided by a comparison of the ultra-violet absorption spectra of 
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both compounds (see Fig.). In view of the reactivity of the 3-position in the indole nucleus, it 
is possible to formulate the compound C,,H,ON,S obtained from methyl indole-2-carboxylate 
and methy] isothiocyanate as either (III) or (VII). Although the thiohydantoin structure (ITI) 
would appear to be the more probable, additional evidence was sought to enable us to 
differentiate between these two structures. Indole-2-carboxylic acid when refluxed with acetic 
anhydride is converted into 1-acetylindole-2-carboxylic acid, whereas the compound C,,H,ON,S 
is unaffected by similar treatment, a behaviour which points to the structure (III). Conclusive 
evidence for structure (III) was obtained as follows : Methyl 3-methylindole-2-carboxylate (VIII), 


(III.) 


py om a 


*“NHMe 
(V.) 


NH O,Me 


(VIII.) 


— NMe 
(XI.) 


prepared by treatment of the phenylhydrazone of 8-ketobutyric acid with methanolic sulphuric 
acid, was found to react with methyl isothiocyanate to yield a compound C,,H,,ON,S, which can 
only have the thiohydantoin structure (IX). The ultra-violet absorption spectrum of this 
thiohydantoin is very similar to that of the compound C,,H,ON,S (see Fig.). On the other 
hand methy! 1-methylindole-2-carboxylate (X) failed to react with methyl isothiocyanate under 
even more drastic conditions than those employed in the synthesis of the compound C,,H,ON,S 
and of the thiohydantoin (IX), thus showing that the 3-position in the indole nucleus is not 
involved in this type of reaction. We conclude therefore that the compound C,,H,ON,S from 
gliotoxin is 2-thio-3-methylindolo-1’ : 2’-1 : 5-hydantoin (III). As expected, oxidation of the 
thiohydantoin (III) with hydrogen peroxide gives the corresponding hydantoin (XI). 

The establishment of the structure of the sulphur-containing degradation product of gliotoxin 
affords additional support for the view that the second position of attachment of the disulphide 
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grouping in gliotoxin is at C,. The formation of the thiohydantoin from gliotoxin, involving a 
contraction of a six- to a five-membered ring, may be represented as follows : 


2KOH -2Ho 7 KOH 7 
(1) —— >| ape ay La. Soe ( rT + KS-CH,-CO,K 
OK-CS NHMe 
tas 


nl 
Me OK-CS NMe 
O 
H,’SK (III) 


In accord with this scheme it is observed experimentally that three equivalents of alkali are 
consumed per mole of gliotoxin. Furthermore, the scheme is in harmony with the observation 
of Dutcher, Johnson, and Bruce (/oc. cit.) that the thiohydantoin is not a primary product of the 
degradation of gliotoxin with alkali, but is formed after the reaction mixture has been acidified ; 
this observation has been confirmed by us. 


KS-CH, 


Fie. 1. 





A.A 
a4 


36+ 7 
3-7 
36+ 
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A, mu. 
Absorption spectra in ethanol: I. 2-Thio-3-methylindolo-\’ : 2’-1:5-hydantoin. II. Compound 
C,,H,ON,S from gliotoxin. III. 2-Thio-3 : 3’-dimethylindolo-1’ : 2’-1 : 5-hydantoin. 


EXPERIMENTAL, 


Glhotoxin.—Trichoderma viride (strain 211) was grown on blotting-paper supports in glazed 
earthenware pots (32cm. x 24cm. diameter) into which the medium (Weindling, pH 3-5) slowly dripped, 
and through which sterile air was blown continuously. Early blockage of the system (during the third or 
fourth week) was prevented by raising the corrugated paper supports 3 cm. above the base of the pots by 
means of glass-rod stools. Inoculation was with spore suspensions prepared from 8-day cultures on 
Czapek-Dox agar (pH, 6-5), the rate of flow of the medium was 8—10 1. per week, and the temperature 
was kept at 18—20°. The culture solution was extracted with chloroform (3 x 0-1 vol.), the extract 
was filtered, washed with a little water, and evaporated under slightly reduced pressure, and the residue 
was crystallised from methanol, from which gliotoxin separates (charcoal) as colourless silky needles or 
laths, m. p. 190° (decomp.) with some softening below this temperature; it has an instantaneous 
decomposition point at 220° (Found: C, 48-0; H, 4:3; N, 84; S, 18-9. Calc. for C,,;H,,0,N,S,: 
C, 47-85; H, 4-3; N, 8-6; S, 19-6%). 


Vol. of culture Yield of 
Run no. Time, days. solution, 1. gliotoxin, g. 
1 (One production unit) ......... 42 56 3-92 
ee | eer 43 112 8-62 
ae: a iin, 1 de aeaiebehiebnekbeetdien 41 97 8-22 


Gliotoxin dibenzoate separates from chloroform—methanol as parallellogrammic plates, m. p. 202° 
(Found: C, 60-85; H, 4:5; N, 5-4; S, 12-0. Calc. for C,,H,,O,N,S,: C, 60-7; H, 4:1; N, 5-2; S, 
120%); Bruce, Dutcher, Johnson, and Miller (J. Amer. Chem. Soc., 1944, 66, 616) give m. p. 192—193° 
(decomp. ). 

The mother liquors from the crystallisation of gliotoxin were combined and evaporated under reduced 
pressure. The dark red viscous oil was kept with methanol, and the solid separating was fractionated 
from methanol to yield gliotoxin as needles, m. p. 186—190° (decomp.), a pigment which forms pale 
salmon-pink plates, m. p. 225—227°, and a pth pigment which separates as maroon-coloured plates, 
m. p. 116—118° (decomp.). The last compound dissolves in aqueous sodium hydroxide to give a deep red 
solution, but is insoluble in sodium hydrogen carbonate or hydrochloric acid solutions. 
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Dethiogliotoxin.—A solution of gliotoxin (2-0 g.) in ethanol (600 c.c.) containing water (40 c.c.) was 
stirred for 8 hours with amalgamated aluminium foil (20 g., 1 cm. squares). The hot mixture was 
filtered, the alumina was washed with boiling ethanol (2 x 200 c.c.), and the combined filtrates were 
evaporated under reduced pressure. Crystallisation of the residue from n-propanol gave dethiogliotoxin 
(497 mg.), m. p. 245—249° (decomp.), which on recrystallisation was obtained as stout prisms, m. p. 
248—-249° (decomp.) (Found: C, 59-0; H, 6-0; N, 10-8. Calc. for C,,H,,0O,N,: C, 59-1; H, 6-1; 
N, 10-6%); Dutcher, Johnson, and Bruce (J. Amer. Chem. Soc., 1945, 67, 1743) give m. p. 243—244°. 

Dethiogliotoxin Diacetate.—Dethiogliotoxin (280 mg.) was refluxed with acetic anhydride (30 c.c.) for 
lhour. The solution was evaporated (reduced pressure), and the residue warmed with methanol. On 
removal of the solvent under reduced pressure at room temperature, crystallisation occurred. Dethioglio- 
toxin diacetate (161 mg.) separated from ditsobutyl ketone in shiny hexagonal plates, m. p. 175° (Found : 
C, 58-2; H, 5-6; N, 7-9, 8-2. C,,H, O,N, requires C, 58-6; H, 5-75; N, 8-0%). 

A solution of the diacetate (4 mg.) in nethenst (1 c.c.) was treated with aqueous ammonia (d 0-88; 
5 drops), and after 16 hours the solution was concentrated under reduced pressure. Dethiogliotoxin 
separated as characteristic stout prisms, m. p. 238—242° (decomp.), undepressed in m. p. when mixed 
with a pure specimen. 

1-A cetylindole-2-carboxylic Acid.—o-Nitrophenylpyruvic acid (Carlo, J. Amer. Chem. Soc., 1944, 66, 
1420) was reductively cyclised to indole-2-carboxylic acid, m. p. 204° (Kermack, Perkin, and Robinson, 
J., 1921, 1625). The acid (0-2 g.) was refluxed with excess of acetic anhydride for 1-5 hours, and the 
solution evaporated (reduced pressure). The residue was crystallised from acetone—water (charcoal) to 
yield 1l-acetylindole-2-carboxylic acid as leaflets, m. p. 168°, which dissolve with effervescence in aqueous 
sodium hydrogen carbonate (Found: C, 65-3; H, 4-6; N, 7-0. C,,H,O,N requires C, 65-0; H, 4-4; 
N, 69%). 

2-T ht0-3-methylindolo-1’ : 2’-1 : 5-hydantoin (III).—(a) Methyl isothiocyanate was prepared by 
shaking a cold mixture of methylamine hydrochloride (6-7 g.), carbon disulphide (6-0 c.c.), and sodium 
hydroxide (8 g.) in water (50 c.c.) until homogeneous solution was obtained (ca. 40 minutes). A hot 
solution of lead acetate (50 g.) in water (100 c.c.) was added, and the mixture was at once steam distilled. 
The product was dried between paper and over calcium chloride (yield 3-4 g., m. p. 34—35°) (cf. Delépine, 
Compt. rend., 1907, 144, 1126). 

Methyl indole-2-carboxylate (0-8 g.) and methyl] isothiocyanate (0-4 g.) were heated in a sealed tube at 
180° for 3 hours. Crystallisation of the reaction product first from methanol and then from acetone— 
water gave 2-thio-3-methylindolo-1’ : 2’-1 : 5-hydantoin as yellow needles (0-6 g.), m. p. 189° (Found: 
C, 61-6; H, 3-8; N, 12-7; S, 14:2. C,,H,ON,S requires C, 61-1; H, 3-7; N, 13-0; S, 148%). 

The thiohydantoin was recovered unchanged after refluxing with acetic anhydride for 1-25 hours. 

An attempt to prepare the thiohydantoin by heating indole-2-carboxylic acid (0-8 g.) and methyl 
isothiocyanate (0-4 g.) in a sealed tube at 160—170° for 3 hours gave a product which crystallised slowly 
from ethanol—-water. It was sublimed at 160—170°/1 mm., and recrystallised from ethanol—water to 
yield indole-2-carboxymethylamide as laths, m. p. 224° undepressed when mixed with an authentic 
specimen (Found: N, 16-4. Calc. for C,,H,,ON,: N, 16-1%). 

(b) A solution of gliotoxin (321 mg.) in dry pyridine (5 c.c.) was treated with methanolic potassium 
hydroxide (4-0 c.c., 1-972N) and kept at room temperature for 23 hours. Water (20 c.c.) was added, and 
the solution neutralised with heteashiane acid (5-6 c.c., 0-892N), using phenolphthalein externally 
(alkali consumed, 2-9 equivs.). The solution was diluted with water (85 c.c.). After 48 hours it was 
evaporated to dryness under reduced pressure, and the residue extracted with boiling acetone. 
Evaporation of the extract gave a brown-yellow solid (30 mg.), m. p. 179—183°, which was sublimed in 
high vacuum and recrystallised from acetone—water to give 2-thio-3-methylindolo-1’ : 2’-1 : 5-hydantoin 
as yellow needles, m. p. 189° either alone or when mixed with the specimen prepared by method (a). 

3-Methylindolo-\’ ; 2’-1 : 5-hydantoin (XI).—A hot solution of 2-thio-3-methylindolo-1’ : 2’-1 : 5- 
hydantoin (0-3 g.) in ethanol (150 c.c.) was treated with hydrogen peroxide (1 c.c., 30%) and then with 
methanolic potassium hydroxide (2-5 c.c., 2N). Potassium sulphate separated; after 1 hour the mixture 
was evaporated to dryness (reduced pressure), and the solid washed with dilute hydrochloric acid and 
with water. Crystallisation from ethanol (charcoal) gave 3-methylindolo-l’ : 2’-1 : 5-hydantoin (0-25 g.) 
as needles, m. p. 182° (Found: C, 66-1; H, 4:0; N, 13-8. 1:H,O,N, requires C, 66-0; H, 4-0; 
N, met Light absorption in ethanol: Maxima at 2350 a., ¢ = 13,280, 5570 A., € = 10510, and 3100 a., 
e= 00. 

Methyl 3-Methylindole-2-carboxylate-—Ethyl ethylacetoacetate (64-5 g., b. p. 93°/20 mm.) was 
dissolved in a solution of sodium acetate (150 g.) in aqueous ethanol (70%, 1000 c.c.), and treated at 0° 
with a solution of benzenediazonium chloride prepared at 5° from aniline (45 c.c.), concentrated hydro- 
chloric acid (120 c.c.), water (120 c.c.), and sodium nitrite (37-5 g.) in water (90c.c.). After 48 hours the 
dark solution was extracted with ether, the extract was evaporated, and the oil was treated with a solution 
of potassium hydroxide (21 g.) in ethanol (75 c.c.). The mixture was diluted with water, filtered 
(filter-aid), treated with charcoal, and acidified with concentrated hydrochloric acid to give B-ketobutyric 
acid phenylhydrazone (19 g.), which separated from ethanol—water as yellow prisms, m. p. 150—152°. 

The phenylhydrazone (6 g.) was refluxed for 3 hours with a mixture of methanol (60 c.c.) and sulphuric 
acid (6 c.c.). The mixture was concentrated and extracted with ether. The extract was washed with 
water and evaporated to vield methyl 3-methylindole-2-carboxylate which separates from methanol as 
— prisms, m. p. 148° (Found: C, 69-4; H, 5-9; N, 7-6. C,,H,,0,N requires C, 69-8; H, 5-8; 

, 74%). 

2-Thio-3 : 3’-dimethylindolo-\’ : 2’-1 : 5-hydantoin (IX).—Methy]l 3-methylindole-2-carboxylate (0-9 g.) 
and methyl isothiocyanate (0-4 g.) were heated in a sealed tube at 240° for 2-5 hours. Crystallisation of 
the product from glacial acetic acid gave 2-thio-3-: 3’-dimethylindolo-\’ : 2’-1: op wen as orange- 

‘er eg g.), m. p. 222° (Found: C, 62-2; H, 4:5; N, 11-9. C,,H,,ON,S requires C, 62-6; 
, 4:35; N, 12-2%). 

An attempt to effect the reaction by heating the components at 180° for 3 hours was unsuccessful, 

methyl 3-methylindole-2-carboxylate (90%) being recovered. Attempts to cause methyl -methyl- 
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indole-2-carboxylate (0-9 g.) (Johnson, Hasbrouck, Dutcher, and Bruce, J. Amer. Chem. Soc., 1945, 67, 
428) and methyl isothiocyanate (0-4 g.) to react by heating the mixture (a) at 180° for 3 hours, (5) at 
240° for 2-5 hours, and (c) at 250—260° for 2 hours were all unsuccessful, the unchanged indole derivative 
being recovered. 

5-Keto-3-thio-2-phenyl-4 : 6-dimethyl-2 : 3 : 4 : 5-tetrahydro-1 : 2 : 4-triazine (V1).—A solution of methyl 
tsothiocyanate (1-3 g.) and phenylhydrazine (1-9 g.) in ethanol (12 c.c.) was warmed for several minutes, 
and evaporated (reduced pressure). Treatment of the residue with ether gave 2-phenyl-4-methylthio- 
semicarbazide (2 g.), m. p. 89—90° (cf. Beilstein, 4th Ed., 15, 278). A solution of the thiosemicarbazide 
(1-7 g.) im acetic acid (4 c.c.) was treated with pyruvic acid (0-8 c.c.), and the mixture warmed for 
5 minutes. The solution was cooled and diluted with water, and the solid separating was recrystallised 
from aqueous ethanol to give the triazine (VI) as needles (1-2 g.), m. p. 150° (Found: C, 56-8; H, 4-7; 
N, 17-4. C,,H,,ON,S requires C, 56-7; H, 4-7; N, 18-0%). Light absorption in ethanol: Maxima at 
2270 a.,¢ = 17,260 and 2740 a., ce = 14,300. The triazine is also obtained by adding methyl pyruvate 
to a solution of the thiosemicarbazide in cold methanol. 


We gratefully acknowledge our indebtedness to Dr. P. W. Brian who supplied us with the mould 
culture, and to Imperial Chemical Industries Ltd. for grants. 
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$31. A Micro-method for the Determination of Pentoses by 
Photoelectric Spectrophotometry. 


By Sonia DunsTAN and A. E. GILiam. 


A method for the spectrophotometric determination of pentoses on a micro-scale has been 
developed. It is based on the dehydration of the sugar by 85% phosphoric acid at 170°, the 
removal of the furfuraldehyde so formed by steam-distillation, and the subsequent deter- 
mination of this by means of its light absorption at 2785 a. Errors involved are less than 
2% for amounts of pentose between 0-5 and 2 mg., but a successful method for the deter- 
mination of pentoses in the presence of other sugars has not yet been achieved. 


Atmost all the methods that are available for the determination of pentoses depend upon 
the conversion of these sugars into the volatile compound furfuraldehyde, which can be dis- 
tilled off and determined either gravimetrically, volumetrically, or colorimetrically. 

In the gravimetric methods the furfuraldehyde may be condensed with phloroglucinol 
(Schorger, Ind. Eng. Chem., 1928, 15, 748; Dorée, ‘‘ Methods of Cellulose Chemistry,” Chapman 
and Hall, London, 2nd Edition, 1947, p. 381) or with either barbituric acid or thiobarbituric 
acid, the precipitates being collected and weighed in each case (Dox and Plaisance, J. Amer. 
Chem. Soc., 1916, 38, 2156; Campbell and Smith, Biochem. J., 1937, 31, 535; Lechner and 
Illig, Biochem. Z., 1938, 299, 174; Jayme and Sarten, Biochem. Z., 1942, 312, 78). 

Of the volumetric methods probably the one most thoroughly investigated depends upon 
the absorption of bromine liberated from an excess of potassium bromide—bromate mixture 
(Pervier and Gértner, Ind. Eng. Chem., 1923, 15, 1255; Powell and Whittaker, J. Soc. Chem. 
Ind., 1924, 48, 35rT; Hughes and Acree, Ind. Eng. Chem. Anal., 1934, 6, 123; 1937, 9, 318; 
Dorée, op. cit., p. 385) but methods using phenylhydrazine (Ling and Nanji, Biochem. J., 1921, 
15, 466), potassium hydrogen sulphite (Jolles, Ber., 1906, 39, 96) and chloramine-tT (Bianda, 
Ann. Chim. appl., 1941, 31, 31) have also been used. Of the colorimetric methods the only 
important ones are those dependent upon the colour reactions given by furfuraldehyde with 
either aniline acetate (Stillings and Browning, Ind. Eng. Chem. Anal., 1940, 12, 499; Duncan, 
ibid., 1943, 15, 162; Reaves and Munro, ibid., 1940, 12, 551; Bryant, Palmer, and Joseph, 
ibid., 1944, 16, 74) or with Bial’s orcinol reagent (McRary and Slattery, Arch. Biochem., 1945, 
6, 151). 

~~ three types of method only the colorimetric ones are micro-methods in the sense 
that they can be used for the determination of so little as one milligram of pentose, and in 
fact the aniline acetate method has been so used by other workers. It has been claimed that 
this method can also be used to differentiate between furfuraldehyde, methylfurfuraldehyde, 
and hydroxymethylfurfuraldehyde by using suitable colour filters (Stillings and Browning, 
loc. cit.). 

y ~ present communication describes a method of determination of pentoses by dehydr- 
ation with phosphoric acid followed by distillation. The furfuraldehyde so obtained is deter- 
mined by means of its intense absorption band with a maximum at 2785 a. It has been found 
that the intensity of light absorption of the furfuraldehyde solutions obtained from pentoses 
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gives quantitatively reproducible results and that there is a linear relationship between the 
observed light absorption of the furfuraldehyde and the amount of pentose originally present. 
Further, this spectroscopic method can be carried out much more rapidly than any of the 
other methods even when the absorption spectra are determined photographically, whilst, 
with a photoelectric spectrophotometer, the results can be obtained within ten minutes of 
making the furfuraldehyde solution. 

In its present form, the method is only suitable for the determination of pentoses after 
separation from other sugars, but we are now investigating the possibility of using it for the 
determination of pentoses in mixtures of sugars. 

The absorption spectrum of furfuraldehyde in hexane exhibits two main maxima near 
2700 a. (log « = 3-8) and 3300 a. (log « = 1-5) according to Menczal (Z. physikal. Chem., 1927, 
125, 161) but the more intense band is displaced to 2785 a. in aqueous solution. On account 
of the difficulty of obtaining and keeping really pure furfuraldehyde because of the ease with 
which it oxidises or polymerises, or both, it is extremely difficult to obtain consistent and 
reproducible values for the intensity of absorption. It was our original intention to deter- 
mine this value and to use it to determine the amount of furfuraldehyde and hence of pentose 
in our solution. In view of the very variable stability of the rich furfuraldehyde preparations 
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it was decided to standardise the method by plotting the observed intensities of absorption 
of the furfuraldehyde against the initial weights of pure pentose taken. This was found to 
give reproducible results simply because the dilute aqueous solutions of furfuraldehyde are 
unexpectedly much more stable than concentrated preparations. Furthermore, this method 
is independent of the absolute value of the intensity of absorption of pure furfuraldehyde which 
is somewhat uncertain but, according to our own observations, the molecular extinction 
coefficient e, at the maximum (2785 A.) is of the order of 18,000 in aqueous solution. 

Precise details of the method which was finally developed are given in the Experimental 
section of this paper, the results obtained with the pure pentoses, arabinose, xylose, and 
ribose (a pure specimen of lyxose to complete the series was not available at the time that 
this work was carried out) being shown in Fig. 1. Here the optical density E = log J,/I, 
which is obtained by direct reading from the photoelectric spectrophotometer, is plotted 
against the weight in mg. of each pentose to give a graph that can be used to determine the 
amount of the particular pentose in any sample. 

The results show that arabinose, ribose, and xylose can be determined in amounts between 
0-5 and 2-0 mg. with an error of less than +2%. Smaller quantities can be determined easily 
but the percentage error is greater. The relation between intensity of absorption of furfur- 
aldehyde and weight of pentose can be expressed as E/w, where E = log I,/I at 2785. fora 
2-cm. cell of the aqueous furfuraldehyde distillate made up to a known volume, ¢.g., 100 ml., 
with water, and w equals the number of mg. of pentose taken. The data obtained on the 
three pure pentoses are shown in Table I together with criteria of purity. 
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TABLE I. 
Mean Maximum 
Pentose. M. p. [a] (in H,O). Mean E/w. deviation. deviation. 
148—149° + 18-9° (2-4%) 0-874 +1-53% 2-98% 
93-5—95 — 19-7 (1-98) 0-650 +1-24 3-84 
158—160 +105-2 (1-19) 0-590 +1-83 6-78 


It has been known for a long time that the dehydration of pentoses into furfuraldehyde 
is by no means quantitative and in fact varies from sugar to sugar. Fortunately, the per- 
centage conversion of any one pentose is sufficiently reproducible to form the basis of various 
methods of determination. This reproducibility has already been demonstrated (Fig. 1) 
whilst the difference in the furfuraldehyde yield from different pentoses is shown in Table I 
by the difference in the values of E/w. These values would be identical for all three sugars 
if the furfuraldehyde yield were the same in each case, but the results show that xylose gives 
a higher yield of furfuraldehyde than does either ribose or arabinose. 

After preparing the standard curves for each of the three pentoses, using a sufficient 
number of determinations to enable a good mean line to be drawn, a further set of deter- 
minations was carried out on samples of xylose and arabinose obtained from independent 
sources. The results are shown in Table II. 


TABLE II. 
D-Xylose, m. p. 148—149°, [a]}® + 18-7°. 
(ee eee eee 0-900 1-200 1-725 2-013 2-300 0-575 
Ne I, MER. cccccdeccsctcgtocenacbas 0-907 1-196 1-702 2-007 2-281 0-563 
A SE ere ee eae +0-777 — 0-333 — 1-333 — 0-298 — 0-739 — 2-085 
L-Arabinose, m. p. 158—160°, [«]}*” + 105-5°. 
Wes BIND CHE cc ccccsisevesessanscccse 0-266 0-531 0-797 1-062 
UE NRE GUID. kasaddsuesetscnvessiace 0-263 0-528 0-809 1-048 
FG iy biscesictpsteeadarscieariavscees — 1-128 — 0-566 +1-510 — 1-318 
D-Glucose, m. p. 145—147°, [aJ]}® + 50-7°. 
W.. (ang) Calta 2... ..ccsscaccsccccsccees 2-540 3-810 7-620 
OR he GRR desccersesevecesscensecs 2-695 3-725 7-260 
BG, ie bee csnnsedenstbcidasesaneknietas +6-10 —2-23 —4:-72 


Ribose was not examined in this way as a second sample from an independent source was 
not available. 

It is an experimental fact of long standing that the heating of acid solutions of hexoses 
produces extensive brown colouration, the nature of which has not yet been ascertained (cf. 
Singh, Dean, and Cantor, J. Amer. Chem. Soc., 1948, 70, 517). It is also known that the 
decomposition of hexoses to 5-hydroxymethylfurfuraldehyde takes place through other inter- 
mediate compounds and further that this compound is more labile than is furfuraldehyde (Wol- 
from, Schuetz, and Cavalieri, J. Amer. Chem. Soc., 1948, 70, 514; Pascu and Miller, ibid., 
p. 523). It is not surprising to find, therefore, that glucose and galactose, for example, give 
very low yields of 5-hydroxymethylfurfuraldehyde of the order of 12% or less or that the 
figures are not reproducible to anything like the same degree as for xylose which gives an 
88% yield of furfuraldehyde. This is especially noticeable with galactose where deviations in 
results up to 17% were obtained and furthermore two different samples gave different yields 
of 5-hydroxymethylfurfuraldehyde. During the distillations with acid, glucose and galactose 
formed deep brown colours whereas rhamnose and galacturonic acid turned only yellow and 
the pentoses remained colourless under the same conditions. 

The absorption spectrum of hydroxymethylfurfuraldehyde has its maximum situated at 
2785 a. exactly as in the case of furfuraldehyde, but methylfurfuraldehyde (obtained from 
rhamnose) has ¢,,, at 2920 a. so that readings on this methylpentose must be taken at this 
higher wave-length. 

The results of the spectrophotometric evaluation of the substituted furfuraldehydes obtained 
from various sugars other than simple pentoses are shown in Fig. 2. It will be seen that the 
light intensity measured at the absorption maximum in each case is, within narrow limits of 
error, directly proportional to the amount of sugar originally present and the mean curves 
shown can be used to determine small amounts of these sugar derivatives just as in the case 
of the pentoses already discussed. 
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The more nearly quantitative is the decomposition of the sugar the higher will be the E/w 
ratio (apart from differences in molar weight). The wide difference in various sugars, especially 
when we extend our study to the hexoses where the yield of furfuraldehyde derivatives is 
known to fall short of the maximum possible, is shown in Fig. 3. Here, the steeper the slope 
of the line the more nearly maximal is the production of furfuraldehyde and xylose is seen 
to give the highest yield of furfuraldehyde per gram whilst glucose, yielding hydroxymethyl- 
furfuraldehyde, gives the lowest yield of this series. Galactose was in fact studied but the 























F yield of furfuraldehyde is so low and so poorly reproducible as to make any quantitative 
. method, dependent upon it, quite useless. 
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Taste III, 
Mean Maximum 
Sugar. M. p. [a] (in H,O). Mean E/w. deviation. deviation. 
p-Galacturonic acid......... its +55-9° (0-411%) 0-222 41-14% 4-77% 
-Rhamnose (a) ............ 93—94° + 92 (1-95) 0-461 + 2-33 10-33}; 
WP sncatlorstit 92—94 + 9-15 (3-28) 0-471 +1-56 4-03 
SREINEEE ntenaccupctsscccesene 145—147 +52-8 (1-04) 0-134 +2-73 7-0 
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EXPERIMENTAL. 


Distillation Apparatus.—The apparatus that we have found most useful is one made wholly of 
glass with “ Quickfit”’ joints, the temperature of the acid mixture being controlled by means of a short- 
py Anschutz thermometer (140—190°) attached to the steam-inlet tube by means of platinum wire 

see diagram). 





O 4 8 72 Kem. 


Distillation Procedure.—The method employed was based on that used by Bryant, Palmer, and 
Joseph (/oc. cit.). A known volume (0-5—1-5 c.c.) of sugar solution (0-1 to 0-5% according to the 
sugar) was transferred by means of a graduated pipette into the distillation tube, followed by phos- 
phoric acid (5 c.c. of 85% syrupy H,PQO,, d 1-689). ‘The tube was connected to the apparatus, steam 
passed through and the reaction vessel heated with a microburner to bring the temperature as rapidly 
as possible to 170°. The temperature was maintained at 165—175° throughout the distillation. en 
the whole of the furfuraldehyde had distilled (tested with aniline acetate paper) the distillate was 
made up to known volume (100 c.c. or 250 c.c.) with water. The intensity of absorption at 2785 or 
2920 a. was then determined (1 cm. cell) and the optical density (E = log J,/I) plotted against the 
weight of sugar in mg. (w). 

Absorption Spectra.—Determinations were made on a Beckmann DU spectrophotometer, the wave- 
length scale being set at 2785 a. for furfuraldehyde and hydroxymethylfurfuraldehyde, and at 2920 a. 
for methylfurfuraldehyde (ex rhamnose). Water was used as solvent in all cases and 1 cm. silica absorp- 
tion cells were used under standard conditions. 

Results.—The value of E/w for a given sugar is approximately constant. The slope of the graph 
is a measure of the yield of furfuraldehyde or its analogue from the particular sugar. If we assume 
that xylose gives an 88% yield (as calculated from Krober’s tables (cf. Dorée, op. cit., p. 377)] then the 
E/w values obtained here indicate that ribose and arabinose yield about 65 and 59% of the maximum 
possible, respectively. Galacturonic acid gives about 22% of the possible yield of furfuraldehyde. 

The sugar samples examined were pure ae obtained commercially and recrystallised until 
the physical constants showed no change. erever — a second specimen was obtained from 
an independent source and the results confirmed (cf. Tables I, II, and III). 
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$32. Aminoalkyl Tertiary Carbinols and Derived Products. Part I. 
3-Amino-1 : 1-diphenylpropan-1-ols. 


By D. W. Apamson. 


3-Amino- and N-substituted 3-amino-1 : 1-diphenylpropan-l-ols (V) were prepared from 
pe ap mee bromide and the substituted ethyl B-aminopropionates, obtained by addition 
of ethyl acrylate to the oS amines. 

The amino-carbinols were dehydrated to the corresponding 3-amino-1 : 1-diphenylprop-1 enes 
(VI) and ~- latter catalytically reduced to the 3-amino- and N-substituted 3-amino-1 : 1-diphenyl- 

anes (IV). 
“ uaternary ammonium salts were prepared from the terti amines. 
e majority of the compounds had spasmolytic and local anesthetic action. Some 

showed atropine-like activity of a high order and others had an anti-histamine effect. 


THE benzhydryl group is common to a number of substituted amines of high pharmacological 
activity [inter al., the analgesic “‘ Amidone”’ (I), the antihistamine compound “ Benadryl” 
(II), and the spasmolytics ‘‘ Trasentin’’ (III) and ‘‘ Hoeschst 10,166” (IV; NR!R? = piper- 
idino-)]. 
CPh,(CO-Et)-CH,-CHMe-NMe, CHPh,’O-CH,’CH,*"NMe, 
(I.) (II.) 


CHPh,-CO,-CH, CH, NEt, CHPh,-CH,-CH,-NR'R? 
(III.) (IV.) 
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It was thought therefore that the 3-amino- and N-substituted 3-amino-1 : 1-diphenylpropan- 





of l-ols (V) and the corresponding 3-amino-1 : 1-diphenylprop-1-enes (V1) would constitute a series 
“4 of potential pharmacological interest. 
CPh,(OH)-CH,°CH,*NR'R? CPh,:CH-CH,-NR'R? 
(V.) (VI). 
CO,Et-CH,’CH,‘NR!R? Ph-CO-CH,’CH,*NR'R* 
(VII.) (VIII.) 
A preliminary report on the antispasmodic activity of a similar series of substituted phenyl- 

propylpiperidines appeared after this work was begun (Becker, Anamick, Glenwood, and Miller, 

Fed. Proc., 1946, §, 163). Accounts of the synthesis of similar compounds by methods essentially 

the same as those now described became available more recently, after the present work had 

been completed (‘‘ Report No. P.B. 981, Office of the Publication Board, Dept. of Commerce, 

Washington, D.C., pp. 38, 118; F.P. 890,633; B.P. Appl. 2255/47). Except for (V and VI; 

NR'R? = piperidino) the compounds now described are new. 

The amino-carbinols were prepared by the Grignard reaction between phenylmagnesium 

bromide and the appropriate substituted ethyl B-aminopropionate (VII). The yields were 
id good (about 80% crude product) in the case of the tertiary amino-compounds; a small pro- 
he portion of the corresponding N-substituted w-aminopropiophenone (VIII) was also isolated. 
nl The yields of amino-carbinols were much lower with the primary (VII; R'! = R? = H) and 
iy the secondary (VIII; R' = H; R? = Me, Et, and CH,Ph) aminopropionates. A probable 
on explanation is to be found in Breckpot’s observation (Bull. Soc. chim. Belg., 1923, 32, 412) 
as that ethyl 8-methylaminobutyrate is converted largely into the @-lactam and non-nitrogenous 
~ compounds (but no amino-carbinol) by the action of ethylmagnesium bromide. The yield of 
. amino-carbinol was not improved by the use of phenyl-lithium in place of the Grignard reagent. 
e- The amino-carbinols were crystalline solids which could be distilled without decomposition 
A. at low pressures. The hydrochlorides were stable in neutral-aqueous solution but were readily 
a dehydrated in acid solution to give a quantitative yield of the corresponding allylamines (VI). 
‘h The allylamines were normally liquids which could be distilled under reduced pressure without 
1e decomposition [except the primary amine (VI; R! = R? = H)] and were readily converted into 
ue hydrochlorides. 3-Phenylmethylamino-1 : 1-diphenylprop-l-ene (VI; R! = Me, R* = Ph) was 
m exceptional, degradation occurring in the presence of acids or on attempts to convert it into 
i] the methiodide. 
m Catalytic reduction (palladium-charcoal) of the unsaturated amine hydrochlorides in 


alcoholic solution furnished the corresponding 3-amino- and N-substituted 3-amino-1 : 1-di- 
phenylpropane hydrochlorides (IV) in good yield. When the reduction was carried out on the 
free base, the volume of hydrogen absorbed was much in excess of that calculated and the 
presence of low-boiling products indicated that some fission of the molecule had occurred. In 
the reduction of dextro-3-N-methylamphetamino-1 : 1-diphenylprop-1-ene, the only product to 
be isolated was dextro-N-methylamphetamine. Several of the substituted propylamines (IV), 
exemplified by ‘‘ Hoechst 10,166” [(IV; NR!R* = piperidino) a component of “‘ Aspasan,”’ 
used in the treatment of asthma, Schaumann, Med. u. Chem., 1942, 4, 229], have also been 
prepared by other methods (Eisleb, Ber., 1941, 74, 1433; B.1.0.S., 1945, Final Report 116, 
Item 24, p. 49; Freeman, Ringk, and Spoerri, J. Amer. Chem. Soc., 1947, 69, 858). 

The N-disubstituted 3-amino-1 : 1-diphenyl-propan-l-ols, -prop-l-enes and -propanes were 
readily converted by methyl iodide and by higher alkyl and aralkyl halides into quaternary 
ammonium salts. 

The N-disubstituted ethyl 8-aminopropionates required as starting materials, were pre- 
pared in excellent yield [except in the case of ethyl B-pyrrolidinopropionate (VII; NR'!R*? = 
NC,H,)] by the addition of ethyl acrylate to the appropriate secondary amine (Fliirscheim, 
J. pr. Chem., 1903, 68, 348; Weisel, Taylor, Mosher, and Whitmore, J. Amer. Chem. Soc., 1945, 

11 67, 1071). No reaction occurred when N-methylaniline and ethyl acrylate were heated together, 
” but the required ethyl 8-phenylmethylaminopropionate (VII; R! = Me, R*? = Ph) was obtained 
by the general method of Elderfield, Bembry, Kremer, Brody, Hageman, and Head (J. Amer. 
Chem. Soc., 1946, 68, 1259) in which a catalytic quantity of acetic acid is added to the mixture. 
A less satisfactory yield of the secondary amino-ester, ethyl §8-methylaminopropionate 
(VII; R! = H, R* = Me), resulted from mixing alcoholic methylamine with ethyl acrylate; 
substantial quantities of methylbis-8-carbethoxyethylamine were formed even when the reaction 
was conducted at low temperatures (Morsch, Monatsh., 1933, 68, 220, obtained the corresponding 
methyl esters in similar yield from methyl acrylate). In agreement with Stork and McElvain 
K 
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(J. Amer. Chem. Soc., 1947, 69, 971) benzylamine, in sharp contrast to methylamine, gave 
the secondary amino-ester (VII; R! = H, R? = CH,Ph) in excellent yield. This favourable 
reaction is not peculiar to benzylamine, however, as these authors suggest, since ethylamine 
also gave a high yield (81%) of the secondary amino-ester, ethyl B-ethylaminopropionate (VII; 
R! = H, R* = Et). 

A preliminary pharmacological examination of the compounds has been made by Dr. A. C. 
White and his collaborators of the Wellcome Physiological Research Laboratories. Conduction 
and surface-anesthetic activity is exhibited in some degree by all the compounds; a large 
proportion are comparable in activity with procaine and with cocaine respectively. Significant 
analgesic activity was not observed in this series. Antagonism of spasm induced by carbachol 
is a general property, the activity being at a maximum in the quaternary ammonium salts, 
when in some cases it is comparable with that of atropine. The salts have other atropine-like 
properties, e.g., some are powerful mydriatics. Antihistamine activity (demonstrated by in 
vitro tests and by the protection afforded to guinea-pigs in experimental asthma induced by 
histamine) was shown by some of the compounds. 

The pharmacological examination of these compounds will be described in detail elsewhere. 


EXPERIMENTAL. 
(Micro-analyses by Mr. A. Bennett; m. p.s are uncorrected.) 

Ethyl B-Aminopropionate.—The ester was conveniently prepared according to the method of Wey- 
gand (Ber., 1941, 74, 256) by the hydrogenation of ethyl cyanoacetate in the presence of platinum. 

N-Monosubstituted Ethyl B-Aminopropionates.—Ethyl acrylate (100 g.) in ethanol (100 c.c.), cooled 
to —60°, was added to ethylamine (45 g.), cooled to — 60°, and the mixture allowed to reach room tem- 
peraure during 24 hours. Ethanol was evaporated off and the residual oil distilled under reduced 

ressure. Ethyl B Steen C oe, (VII; Rt! = H, R* = Et) was collected at 74—76°/14 mm. 
ield 117 g. (81%) (Found 57-6; H, 10-3; N, 9-7. G, H,,;0,N requires C, 57-9; H, 10-3; N, 9-7%). 

Under similar conditions, methylamine and ‘ethyl acrylate gave a 42% yield of ethyl f-methyl- 
aminopropionate (VII; R' = H, R? = Me), b. p. 78—80°/21 mm. (Gansser, Z. physiol. Chem., 1909, 
61, 42, gives b. p. 58°/8 mm.), together with 3h% of methylbis-8-carbethoxyethylamine, hg p. 152— 
156°/21 mm. (MeElvain, J. Amer. Chem. Soc., 1924, 46, 1724, gives b. p. 136—138°/4 mm.) 

thyl B-benzylaminopropionate (VII; R' = H, R* = CH,Ph), b. 125—128°/1 mm. (yield 83%), 
was prepared in a similar manner to that described by Stork and McEivain (loc. cit.) who quote a yield 
of 87%, b. p. 133—135°/2 mm. 

N-Disubstituted Ethyl B-Aminopropionates.—The following were prepared by mixing equimolecular 

prop. po of the appropriate secondary amine and ethyl —-, and distilling the mixture after 

’ standing. Ethyl 2a eo (VII; R? = = Me), yield 87% (b. p. 56— 
575/12 mm. ound: C, 57-9; H, 10-3; N, 9-8. C 7H, ,0,N requires va 67: 9; H. 10-3; N, 979A), ethyl 
£-diethylaminopropionate (VII; R! = R? = Et), yield 85%, b. p. 87—88°/15 mm. (Fliirscheim, /oc. 
cit., gives b. p. 83—84°/12 mm.), and ethyl p-di-n- ropylaminopropionate (VII; R! = R* = Pr*), 
yield 81%, b. p. 104—106°/13 mm. (Weisel, Taylor, Mosher, and itmore, loc. cit., give b. p. 125— 
126°/28 mm.). 

The following were prepared from an equimolecular mixture of the secondary amine and ethyl 
acrylate by boiling under reflux for 6 hours and subsequently distilling under reduced pressure. Ethyl 
B-di-n-butylaminopropionate (VII; R! = R* = Bu), yield 80%, b. p. 129—130°/19 mm. (Weisel, 
Taylor, Mosher, and Whitmore, /oc. cit., give b. p. 136—137°/16 mm.), ethyl f-piperidinopropionate 
(VII; NR'R* = NC,H,,), yield 85%, b. p. 115—117°/17 mm. (Phillipi and Galter, Monatsh., 1929, 
§1, 253, give b. p. 104—106°/12—13 mm.), ethyl B-morpholinopropionate (VII; NR*R* = NC,H,0), 
yield séer, b , » Tis°/16 mm. (Weisel, Taylor, Mosher, and Whitmore, Joc. cit., give b. p. 138—140°/25 
mm.), ethyl B- a oe (VII; R? = R* = CH,-CH: -CH,) wy es : . 108—110°/15 mm. 
(Found : C, 66-8 7-2 C,,H,,0,N requires é, 67-0; %1"9 7-19 4), and ethyl dextro- 

-methylamphetaminopropionate (VII; R! = Me, R? = CHMe-CH,Ph), yield 18%, b. p. 165—166°/12 mm. 
hydrogen oxalate, m. p. 125—126° after crystallisation from ethanol (Found : C, 60-0; H, 7-3; N, 4-3. 
C,5H,;0,N,C,H,O, requires C, 60-2; H, 7-4; H, 4:1%), [«]?4, +20-2° (c, 0-9 in ethanol)}. Under these 
conditions, ee) be and ethyl acrylate gave only a 40% Yield of ethyl A onc. opionate (VII; 
H,), b. p. 108—110°/22 mm. (Found: C, 62-7; H, 9-6; 170,N requires 

C, 63-2; -H, 9-9; N, 8:2%). 

Ethyl acrylate and N-methylaniline were recovered unchanged after heating together under reflux 
in equimolecular proportions. When 10% acetic acid was added and the mixture boiled under reflux 
for 12 hours, cooled, washed with aqueous sodium hydrogen carbonate, dried by sodium sulphate, and 
fractionated under reduced pressure, a 66%, yield of ethyl B-phenylmethylaminopropionate (VII; R! = Me, 
R* = Ph) was obtained, b. p. 98—100°/0-05 mm. (Found: C, 69-8; H, 8-4; N, 6-6. C,,H,,0,N 
requires C, 69-6; H, 8-2; N, 6-8%). 

N-Substituted 3-Amino-1 : 1-diphenylpropan-1-ols (V).—The general method of preparation employed 
is illustrated by the following example. 

1: 1-Diphenyl-3-piperidinopropan-1-ol (V ; NR*R*? = NC,H,,). Ethyl £-piperidinopropionate (37 g., 
0-2 mol.) in anhydrous ether (50 c.c.) was added gradually to an ether solution of the Gri ~— 
reagent made from bromobenzene (94-2 g., 0-6 mol.) and magnesium (14-6 g.) stirred and cool 
bath kept at 0°. After stirring in the cold for 1 hour and then heating under reflux for 2 hours, “the 
mixture (from which a heavy white solid had separated) was cooled and stirred into crushed ice (100 g.), 
and aqueous ammonium chloride (25%; 100 c.c.) added. Acetic acid was then added gradually with 
stirring and cooling until the solution was acidic, and the crude 1 : 1-diphenyl-3-piperidinopropan-1-ol 
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hydrobromide, which separated as a pale cream solid, was filtered off and washed with ether. A sample 
of the salt, recrystallised from water and then from ethanol, had m. p. 228° (decomp.) (Found : N, 3-7; 
Br, 21-4. C,.H,,ON,HBr requires N, 3-7; Br, 21-3%). The remainder of the hydrobromide was 
suspended in chloroform, excess ammonia added with shaking, filtered from inorganic material, and 
the chloroform layer separated, washed with water, and dried by sodium sulphate. On evaporation 
of the chloroform, the residual crude 1 : l-diphenyl-3-piperidinopropan-l-ol (40 g., 67% yield) had 
m. p. 107—112°, which was raised to 120—121° oy several recrystallisations from light petroleum 
(b. p. 60—80°); the total yield of purified material was 33-6 g. (57% yield). 

The ethereal and the aqueous layer of the original filtrate and washings were separated. The ethereal 
layer gave crude diphenyl (2-1 g.) on evaporation. The aqueous layer was basified with excess ammonia, 
extracted with ether, dried by sodium sulphate, and the ether evaporated. The residual brown oil 
(7-0 g.) was fractionally distilled under reduced pressure to give w-piperidinopropiophenone (VIII; 
NR?!R? = NC,H,,) (2-1 g.; b. p. 136—138°/10 mm. : hydrochloride, m. p. 188—190°, not depressed 
on mixing with an authentic specimen ; Mannich and Lammering, Ber., 1922, 55, 3510, give m. p. 192— 
193°) besides low-boiling material and a crystalline residue (1-6 g.) which was the impure carbinol. 

The 3-amino- and N-substituted 3-amino-1 : 1-diphenylpropan-l-ols (V) included in Table I were 
prepared in a manner essentially similar to that described above; the recorded yields relate to the 
purified product. 

In the case of the N-monosubstituted amino-carbinols, the yields quoted were obtained by con- 
ducting the Grignard reaction at — 20° for 2 hours, then at 0° for 2 hours; the yields were somewhat 
lower when these temperatures were exceeded. Under these conditions, quantities of unchanged 
ee were recovered (e.g., 35% in the case of the benzylamino-compound (V; R! = H, 
R* = CH,Ph). 

In one experiment, applied to ethyl B-methylaminopropionate (VII; R' = H, R* = Me), the Grig- 
nard reagent was replaced by an equivalent amount of phenyl-lithium and the reaction carried out in 
an inert atmosphere; the yield of 3-methylamino-1 : 1-diphenylpropan-l-ol (V; R! = H, R* = Me) 
in this case was less than 10%. 

In the preparation of 3-phenylmethylamino-1 : 1-diphenylpropan-l-ol (V; R' = Me, R* = Ph), the 
hydrobromide resulting from the acetic acid decomposition of the Grignard complex remained as an 
oil, and separation was effected by decantation rather than filtration. 

In the examples of tertiary amino-carbinols for which a b. p. is recorded in Table I, the crude products 
(of low m. p. and very soluble in organic solvents) were purified by fractional distillation at low pres- 
sures followed by recrystallisation from small volumes of light petroleum (b. PB; 40—60°). dextro-3- 
Methylamphetamino-1 : 1-diphenylpropan-l-ol (V; R! = Me, R* = CHMe’CH,Ph) was reluctant to 
crystallise and was purified by recrystallisation of its hydrochloride. 

3-Dimethylamino-1 : Peps yet (V; R? = R* = Me) was prepared also from phenyl- 
magnesium bromide (0-3 mol.) and freshly distilled w-dimethylaminopropiophenone (XII; R? = R* = 
Me) (0-2 mol.; b. p. 100°/2-5 mm.; Mannich and Heilner, Ber., 1922, 55, 356) under conditions identical 
with those described above, a yield of 57% being obtained. 

Amino-carbinol Hydrochlorides (Table II).—Dry hydrogen chloride was led into a solution of the 
base (e.g., 5-0 g.) in anhydrous chloroform (e.g., 20 c.c.) cooled to 0° until the solution was not more 
than faintly acidic to Congo-red. Anhydrous ether was added, first gradually with scratching to the 
point of crystallisation, then in excess to precipitate the hydrochloride. The hydrochlorides were 
recrystallised with ease, the appropriate solvents being shown in the Table. 

n one experiment, 1 : 1-diphenyl-3-piperidinopropan-1-ol (5-0 g.) in chloroform (20 c.c.) was satur- 
ated with hydrogen chloride at 0°. The solution became cloudy, and on addition of ether, 1 : 1-diphenyl- 
3-piperidinoprop-l-ene hydrochloride (VI; NR'R* = NC,H,,) (6-0 ¢.; m. p. 209—210° after recrystal- 
lisation from a mixture of acetone and chloroform) was precipitated. 

Carbinol Quaternary Ammonium Salts.—The methiodides of the N-disubstituted 3-amino-1 : 1-di- 
phenylpropan-l-ols were usually readily prepared by adding methyl iodide (2 equivalents) to a cold 
solution of the tertiary base in anhydrous acetone. The crystalline salts rapidly separated and after 
standing for 24 hours were obtained in almost quantitative yield. Quaternisation with higher alkyl 
halides required more vigorous conditions such as boiling under reflux in ethanol solution. In some 
cases it was necessary to add ether to complete crystallisation of the product (indicated in Table III 
by, e.g., ‘“‘ ethanol, boil 5 hours: ether ’’). 

N-Substituted 3-Amino-1: era a (VI).—The amino-carbinol (15 g.) was dissolved 
in concentrated hydrochloric acid (30 c.c.) and glacial acetic acid (100 c.c.) and the solution boiled 
under reflux for 30 minutes. The solution was then concentrated under reduced pressure, the residue 
dissolved in water, and the base liberated by addition of excess ammonia and separated by extraction 
with ether. The ether solution was dried over anhydrous sodium sulphate, the ether evaporated, and 
the residual oil distilled under reduced pressure to give a substantially quantitative yield of the 3-amino- 
and N-substituted 3-amino-1 : 1-diphenylprop-1-enes (Table IV). 

The bases were converted into the hydrochlorides (Table IV) by a method similar to that adopted for 
the amino-carbinol hydrochlorides. The hydrochlorides were also obtained directly from the dehydration 
mixture by See ag to dryness and recrystallisation of the solid residue. 

The methiodides (Table V) were prepared by dissolving the tertiary base in anhydrous acetone, 
adding methyl iodide (2 equivalents) and allowing to stand for 24 hours. In some cases (indicated in 
Table V) it was necessary subsequently to add ether to complete the crystallisation of the salt. Yields 
were almost quantitative. 

3-Phenylmethylamino-1 : 1-diphenylprop-l-ene (VI; R! = Me, R*= Ph). 3-Phenylmethylamino- 
1 : 1-diphenylpropan-l-ol (7-0 g.) was dissolved in concentrated hydrochloric acid (15 c.c.) and 
glacial acetic acid (50 c.c.) and heated under reflux for 20 minutes. On working up the pale brown 
solution as described above, 3-phenylmethylamino-1 : 1-diphenylprop-l-ene was obtained as a viscous 
pale yellow oil (b. p. 200—204°/0-5 mm., yield 4-8 g., 70%), from which a crystalline hydrochloride could 
not be obtained. 
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In a similar experiment, in which the refluxing was prolonged, a yellow oil separated and the solution 
became dark brown. After 2 hours’ refluxing the mixture was cooled and the yellow oil (3-3 g.), which 
became resinous and could not be crystallised, was filtered off. N-Methylaniline hydrochloride was 
the only product to be isolated from the filtrate (m. p. 122—124°, recrystallised from acetone; Men- 
schutkin, Chem. Zenir., 1898, II, 479, gives m. p. 121—122°). 

In an attempt to prepare the methiodide, 3-phenylmethylamino-1 : 1-diphenylprop-l-ene (1-0 g.) 
was dissolved in acetone (5 c.c.) and methyl iodide (1-0 g.) added. The solution became dark red and 
crystals of phenyltrimethylammonium iodide separated (0-25 g., m. p. 210—213°) (decomp.) (Found : 
N, 5-0; I, 47-5. Calc. for C,H,,NI: N, 5-3; I, 48-3%). Willstatter, Hocheder, and Hug (Amnalen, 
1909, 371, 27) quote m. p. 210—212°; other literature values vary between 218° and 232°. 

N-Substituted 3-Amino-1 : 1-diphenylpropanes (IV).—{a) Reduction in neutral solution. The 3-amino- 
or N-substituted 3-amino-1 : 1-diphenylprop-l-ene hydrochloride (e.g., 5 g.) was dissolved in ethanol 
(e.g., 20 c.c.), palladium—charcoal catalyst (e.g., 2-5 g.) added, and the mixture shaken in an atmosphere 
of hydrogen at room temperature and pressure. When absorption of hydrogen (ca. 10% in excess 
of the calculated volume) had ceased, usually after 1—2 hours, the catalyst was removed by filtration, 
and the filtrate evaporated to small bulk. Anhydrous ether was added, first gradually to the point of 
crystallisation, then in excess to precipitate the 3-amino- or N-substituted 3-amino-1 : oe ane gt 
hydrochloride in 75—90% yield. The hydrochlorides included in Table VI were prepared by this 
method; the bases were prepared from the recrystallised hydrochlorides. 

(b) Reduction of the base. 3-Dimethylamino-1 : l1-diphenylprop-l-ene (VI; R! = R* = Me) (4-3 g.) 
in ethanol (20 c.c.) and palladium—charcoal (1-5 g.) were shaken in an atmosphere of hydrogen, 
600 c.c. (calculated 450 c.c.) being absorbed during 2 hours. The catalyst was removed, the alcohol 
evaporated, and the residual oil fractionally distilled under reduced pressure. First runnings (b. p. to 
183°/16 mm.) amounted to 1-1 g.; 3-dimethylamino-1 : ee (IV; R! = R* = Me) (2-9 g.) 
was collected at 183—185°/16 mm. and crystallised on cooling. 

In the reduction of nee py : 1-diphenylprop-l-ene (VI; R! = R* = Pr®) (3-5 g.) 
the volume of hydrogen absor (510 c.c.) similarly was in excess of the calculated (309 c.c.) and the 
product (2-8 g.) boiled over the range 90—146°/0-4 mm.; hydrochloride, m. p. <100°. Recrystallis- 
ation of the crude hydrochloride from ethyl acetate afforded a small quantity (0-5 g.) of 3-di-n-propyl- 
amino-l : ag ee opane hydrochloride (IV; R} = R* = Pr), m. p. 114—115°, identical with that 
prepared by method (a). 

3-Methylamphetamino-1 : 1-diphenylprop-l-ene (VI; R! = Me, R? = CHMe’CH,Ph) (3-0 g.) in 
ethanol (15 c.c.) and palladium-—charcoal (1-0 g.) was shaken in an atmosphere of hydrogen, 360 c.c. 
being absorbed (calculated 205c.c.). The oil which remained after removal of the catalyst and evapor- 
ation of the alcohol distilled over the range 100—140°/18 mm. (small residue); redistillation gave a 
fraction of b. p. 138—140°/18 mm. which was identified as dexiro-N-methylamphetamine (hydro- 
chloride, m. p. 174—175°, not depressed by admixture with an authentic specimen). 

The methtodides of the N-disubstituted 3-amino-1 : 1-diphenylpropanes (Table VII) were prepared 
by adding methyl iodide (2 equivalents) to a solution of the tertiary base in acetone. The salts crystal- 
lised out in almost quantitative yield except in those examples, indicated in the Table, in which the 
addition of ether was necessary. 


The author thanks Mr. J. W. Billinghurst for much valuable technical assistance, and Dr. A. C. 
White and his colleagues for permission to quote the results of pharmacological tests. 


WELLCOME CHEMICAL RESEARCH LABORATORIES, 
BECKENHAM, KENT. [Received, August 25th, 1948.]} 





$33. The Euphorbia Resins. Part I. Euphol. 
By ALLan D. McDonatp, FRANK L. WARREN, and JAMES M. WILLIAMs. 


The equivalent-weight determinations of euphyl acetate established the formula, C,,H,,O, 
for euphol. Ozonolysis of euphyl acetate gives both acetone and formaldehyde and quantit- 
ative determinations lead to the conclusion that the isopropylidene group is not attached 
directly to a ring. Furthermore, euphyl acetate dibromide on treatment with alcoholic 
potash loses only one bromine to give bromoeuphol. 

The above would indicate the inclusion of euphol in the elemi-acids group of triterpenes. 
Dehydrogenation of dihydroeuphol with selenium gave 1 : 2 : 8-trimethylphenanthrene as the 
principal product as is found for all members of this group. Chromic anhydride oxidation of 
dihydroeuphyl acetate yields hetodihydroeuphyil acetate and rer nege proce acetate, which 
compounds are analogous to those obtained from similar oxidation of dihydro-a«-elemolic acid. 


EvupuHoL obtained by Newbold and Spring (j., 1944, 249) from “‘ euphorbone”’ has now been 
extracted from Euphorbia tirucalli L., E. triangularis Desf., and E. ingens E. Mey. Consider- 
able quantities of these resins were obtained in these laboratories during the war when one of 
us was studying the production of rubber from the Euphorbia species. The appearance of the 
paper by Jeger and Krusi (Helv. Chim. Acta, 1947, 30, 2045) leads us to present our results on 
euphol (Williams, M.Sc. Thesis, University of South Africa, 1945) before reporting on the other 
constituents of these species. 
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Newbold and Spring prepared several derivatives of euphol to which they assigned the 
formula C,,H,,O, but did not exclude the possibility of C,.H,,0, and established the presence 
of two double bonds, one of which was easily reducible. With the larger quantities available 
the molecular weight has now been accurately determined by the method of Sandquist and 
Gorton (Ber., 1930, 68, 1935) and found to be 468 and 472 for euphyl acetate and dihydro- 
euphyl acetate respectively, so that the formula C,,H,,O is established. 

Ozonolysis of euphyl acetate has given acetone, identified as the dinitrophenylhydrazone, 
and formaldehyde, isolated as the dimedone compound. Since acetone has been reported to be 
obtained from the ozonolysis of terpenes not containing the isopropylidene group, the quantit- 
ative determinations were made by the method of Kuhn and Roth (Ber., 1932, 65, 1285); euphyl 
acetate gave 0-75 mol. of acetone whilst dihydroeuphyl acetate and dihydroeuphol under 
exactly the same conditions gave 0-20 and zero mol. respectively. Jeger and Krusi (loc. cit.) 
oxidised euphyl benzoate with osmic acid and lead tetra-acetate successively to obtain acetone. 
The formation of both acetone and formaldehyde on ozonolysis is indicative of an isopropylidene 
group being part of a carbon chain and not attached to a ring (cf. Simonsen, ‘“‘ The Terpenes,” 
1931, Vol. 1, 27; Grignard, Doeuvre, and Escorrou, Bull. Sog, chim., 1924, 35, 932). 

In attempts to effect cyclisation, euphyl acetate dibromide was treated with boiling alcoholic 
potassium hydroxide; only one bromine atom was lost and monobromoeuphol, m. p. 149-5— 
150°, further characterised as the acetate, m. p. 130-5—131°, was obtained. No cyclisation had 
occurred because, on catalytic hydrogenation, dihydroeuphol, m. p. 121° (cf. Newbold and Spring, 
loc. cit.), was obtained. The removal of only one bromine atom also indicates that the reducible 
ethylenic linkage of euphol is not situated between two tertiary carbons (cf. Ipatjew, J. Russ. 
Phys. Chem. Soc., 1895, 27, 347) and the monobromoeuphol contains the grouping (I). This 
assumption receives support from the quantitative formation of acetone from monobromoeuphol 
on ozonolysis. 


~CH,-CMe=CH, = -CH=CMe, > -CHBr—CBrMe, -> -CBr=CMe, _(I.) 


To test further the possibility of including euphol in the elemi-acids group, dihydroeuphol 
was dehydrogenated with selenium at 360°. No naphthalenes were obtained and the sole 
distillate product isolated was 1: 2: 8-trimethylphenanthrene, m. p. 145—146°, characterised 
as the trinitrobenzene derivative, m. p. 192°. This parallels the behaviour of cryptosterol 
(Schulze, Z. physiol. Chem., 1936, 288, 35), «-elemolic acid (Ruzicka, Rey, and Spillman, Helv. 
Chim. Acta, 1942, 25, 1375), and lanosterol (Ruzicka, Rey, and Muhr, ibid., 1944, 27, 472). 
In addition, on oxidation of dihydroeuphyl acetate with chromic anhydride there was obtained 
ketodihydroeuphyl acetate, Cy,H,,03, in colourless nodules, m. p. 163—164°, and diketodihydro- 
euphyl acetate, Csg,Hs.O,, as yellow needles, m. p. 96—97° (corr.). These compounds are 
analogous to, but not identical with, those obtained by the oxidation of dihydrolanosteryl 
acetate by Ruzicka, Rey, and Muhr (loc. cit.). 


EXPERIMENTAL, 


Euphol.—The fresh latex from E. triangularis or E. tirucalli was coagulated by the addition of salt 
and the coagulum extracted from the rubber by alcohol. The resin so obtained was percolated through 
a column of alumina activated at 300°. The solid from the petroleum fraction crystallised from methanol 
to give euphol, m. p. 117° (corr.) (Found: C, 84-5, 84-5; H, 12-1, 12-0. Calc. for C,,H,,O: C, 84-4; 
H, 11-8%), acetate, m. . 109° (Found: C, 81-8, 82-1; H, 11-1, 11-0. Calc. for C,,H,,0O,: C, 82-0; 
H, 11:2%). Spring and Newbold (/oc. cit.) give m. p.s 116° and 109° respectively. The yields of pure 
euphol were small and for large-scale preparation the crude petroleum eluate was acetylated and the 
product crystallised several times from ethanol, with considerably less loss of material, to give pure 
— acetate. 

olecular Weight Determinations.—The method used was that of Sandquist and Gorton (Ber., 1930, 
63, 1935). The acetate (ca. 450 mg.) was hydrolysed with 0-3n-alcoholic potassium hydroxide (25 c.c.) 
on a steam-bath for 2 hours. After the addition of alcohol (100 c.c.) and 0-25N-acetic acid (25 c.c.) 
the mixture was cooled to 30° and the excess potassium hydroxide titrated against acetic acid using 
thymol-blue-cresol-red indicator. The blank determinations varied only within 0-2%. Euphyl acetate, 
m. p. 109° (Found: M, 468-2, 468-1. Calc. for C,,H,,0,: M, 468-7), Dihydroeuphyl acetate, m. p. 
125—126° (Found: M, 472-0. Calc. for C,,H,,O,: M, 470-8). 

Monobrompeuphol.—Euphy] acetate dibromide (1 g.) was refluxed with alcoholic potassium hydroxide 
(30 c.c.) for 3 hours and poured into water. The insoluble product was thrice crystallised from alcohol 
and “ep | from absolute ethanol to give pearly plates of monobromoeuphol, m. p. 149-5—150° (Found : 
C, 71-1; H, 9-82. C,,H,,OBr requires C, 71-3; H, 9-70%). Catalytic hydrogenation of this bromo- 


alcohol (0-35 g.) in ethanol (10c.c.) with Adams’s catalyst gave dihydroeuphol, m. p. 121°, undepressed 
on admixture with authentic specimen prepared by the method of Newbold and Spring (loc. cit.). 
Monobromoeuphyl acetate, obtained from the alcohol (1 part) by heating on a steam-bath with acetic 
anhydride (5 parts) and pyridine (5 parts), crystallised from ethanol in plates, m. p. 130-5—131° (Found: 
C, 70-32; H, 9-25; Br, 14-69. C,,H,,O,Br requires C, 70-16; H, 9-40; Br, 14-60%). 
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Ozonolysis of Euphyl Acetate——Euphyl acetate (3-4 g.) in pure carbon tetrachloride was cooled to 
0°, ozone passed for 6 hours, and then air'for 1 hour, whilst the issuing gases were passed through a 
trap containing water (10 c.c.) at 0°. The solvent was removed under reduced pressure to leave an 
oil which was refluxed with the water from the trap for 15 minutes and cooled to 0°. The aqueous 
layer, decanted from the oil, was distilled to half bulk, and the distillate divided into two halves: One 
half was treated with dimedone and the precipitate crystallised from methanol to give formaldehyde- 
dimedone, m. p. 189°, undepressed on admixture with authentic specimen. The second portion (2-5 c.c.) 
was treated with acetic acid (0-5 c.c.), the formaldehyde destroyed with a slight excess of potassium 
permanganate, and distilled. The distillate gave acetone 2: 4-dinitrophenylhydrazone which, 
crystallised from alcohol, had m. p. 128°, undepressed on*admixture with authentic specimen. 

The solid material (2-5 g.) from the ozonide decomposition was treated with petroleum (b. p. 50—80° ; 
100 c.c.), filtered from the insoluble oil (0-5 g.), and percolated through activated alumina (30 x 2 cm.). 
Petroleum (600 c.c.) eluted a waxy solid (0-72 g.) which, twice sublimed at 200—225°/0-1 mm. 
and recrystallised four times from acetone, gave rectangular oe m. p. 173—174°, unchanged by 
further crystallisation (Found : C, 78-10; H, 10-29. Calc. for C,,H,,O,: C, 78-2; H, 10-21%). 

Quantitative Determination of the isoPropylidene Groups.—{Method of Kuhn and Roth, Ber., 1932, 
65, 1285; Pregl, ‘‘ Quantitative Organic Microanalysis,” 3rd English Edn., 1937, p. 210.) Euphyl 
acetate (Found : CMe,, 6-83, 6-76. Calc. for C,,H,,0,: CMe,, 897%). Monobromoeuphol (Found: 
CMe,, 8:10. Calc. for C,,H,,OBr: CMe,, 8-06%). Control determinations on dihydroeuphol gave no 
acetone whilst dihydroeuphyl acetate gave 0-13 and 0-18% of isopropylidene group. 

Selenium Dehydrogenation of Dihydroeuphol.—Dihydroeuphol (30 g.) and powdered selenium (60 g.) 
were heated in a bath at 300° for 53 hours. The ether extract failed to distil below 240°/14 mm. and 
was re-treated with selenium (53 g.) at 340—360° for 30 hours. The ether extract was fractionated to 
give (i) a yellow oil (0-36 g.), b. p. below 200°/14 mm., 145°/700 mm., yielding no picrate, and (ii) a 
viscous gum, b. p. 170—200°/1 mm. Fraction (ii) was redistilled to give (iia) an oil, bath temp. 140— 
170°/0-1 mm., from which crystals separated on cooling, and (iib) an oil, bath temp. 170—180°/0-1 mm., 
which set to a brown amorphous solid. Both fractions (iia) and (iib) were lixiviated with petroleum 
(b. p. 50—70°) and the extract gave oily crystals which, pressed on a porous plate and crystallised 
four times from ethanol, gave 1 : 2 : 8-trimethylphenanthrene, m. p. 145—146° (corr.) (Found : C, 92-49, 
92-92; H, 7-14, 7:49. Calc. for C,,H,,: C, 92-68; H, 7:32%); trinitrobenzene derivative, crystallised 
from alcohol in long yellow needles, m. p. 192° (corr.) (Found : C, 63-61; H, 4-32. Calc. for C,,H,,0,N;: 
C, 63:73; H, 4.42%). Ruzicka, Rey, and Muhr (Helv. Chim. Acta, 1944, 27, 482) give m. p.s 145-5— 
146-5° and 192-5—-193-5° respectively. 

Oxidation of Dihydroeuphyl Acetate by Chromium Trioxide.—Dihydroeuphyl acetate (3 g.) was dis- 
solved in acetic acid (130 ml.), chromium trioxide in 90% acetic acid (15 ml.) added slowly during 
20 minutes, and the solution kept at 40° for 4 hours. Methanol was added and the mixture was poured 
into water. The ether extract was washed with water, sodium carbonate, and water. The ether 
was completely removed, the residue dissolved in petroleum (100 ml.; b. p. 50—70°) and the resultant 
solution percolated through alumina (100 g.), activated at 300°, to give the following fractions: (A) 
(3600 ml. of petroleum), traces of amorphous yellow solid; (B) (300 ml. of benzene), gummy solid (500 
mg.); (C) (300 ml. of benzene), microcrystals (400 mg.); (D) (800 ml. of benzene), coloured oil (500 mg.) ; 
(E) (100 ml. of ethanol), trace. 

Fraction B, crystallised once from ethanol and twice from methanol, formed felted yellow needles 
of diketodihydroeuphyl acetate (14 mg.), m. p. 96—97°, unchanged by further crystallisation from ethanol 
(Found : C, 77-6; H, 10-14. C,,H,,O, requires C, 77-06; H, 10-11%). 

Fraction C when crystallised from acetone, methanol, and ethanol gave fine needles (6 mg.), m. p. 
160—161° (corr.) (Found: C, 78-54; H, 10-58%). 

cooling a solution of fraction D in ethanol to 0°, colourless nodules of ey ee hyl acetate, 
m. p. 163—164° (corr.) unchanged by further crystallisation, were obtained (Found : C, 79-53; H, 10-82, 
C,2H,,0, requires C, 79-28; H, 10-81%). 


The authors gratefully acknowledge a grant to one of them (J. M. W.) from the National Research 
Council and a Research Fellowship to another (A. D. McD.) from African Explosives and Chemical 
Industries Ltd. Special thanks are also due to Dr. A. W. Bayer, Professor of Botany, for the identifi- 
cation of specimens and for help in the collection of material. 


NaTAL UNIVERSITY COLLEGE, UNIVERSITY OF SOUTH AFRICA, 
PIETERMARITZBURG. [Received, July 8th, 1948.) 





$34. The Passivity of Metals. Part IX. The Solubility Product of 
Freshly Precipitated Ferric Hydroxide. 


By U. R. Evans and M. J. Pryor. 


The solubility product of the freshly precipitated ‘‘ gelatinous ”’ ferric hydroxide has been 
determined by an electrometric method. A value of 10-*55 has been obtained, at 20°, which 
agrees well with the value determined by Kriukov and Awsejewitsch under similar conditions. 


THE solubility product of ferric hydroxide is of interest in the study of certain corrosion reactions. 
The gelatinous product formed by the action of alkali on ferric salts is a metastable phase, which 
only slowly ages, passing into a more compact and less soluble condition. In this respect, it is 
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similar to the hydroxides and basic salts of zinc studied by Feitknecht (Métaux et Corrosion, 
1947, 22, 192), which often separate from solution in a metastable condition in preference to the 
less soluble, more stable forms. 

The solubility product of the metastable hydroxide is particularly important in connection 
with the use of alkaline inhibitors. If an inhibitor is added in insufficient quantity, a loose 
membrane of ferric hydroxide is formed over the susceptible points where corrosion is proceeding, 
and prevents the inhibitor from reaching just those points where its presence is necessary for the 
prevention of attack. The combination of large cathode and small anode then leads to intense 
localised attack or pitting. Thus, if the inhibitor is to be effective, it must be added in such a 
proportion that, should any precipitation occur at all, it occurs in physical contact with the 
metallic surface, and not as a loose membrane. Consequently the main factor determining the 
concentration needed to avoid pitting is the solubility product of the hydroxide. 

Most values of solubility products recorded in the literature refer to stable phases, although 
in the case of hydroxides, some experimenters have studied metastable forms. Values referring 
to stable forms which only appear slowly are, however, of limited use in studying the phenomena 
of corrosion and passivity. 

The structure of the gelatinous ferric hydroxide is admittedly undefined. The precipitate 
formed by the interaction of ferric chloride and alkali was found, however, in the X-ray 
researches of Béhm (Z. anorg. Chem., 1925, 149, 203) to be amorphous. Fordham and Tyson 
(J., 1937, 483) studied, by means of electron diffraction, the membranous form of ferric hydroxide, 
obtained from the interaction of ferric chloride and sodium hydroxide. They obtained a 
well-defined ring pattern characteristic of a face-centred cubic structure with a = 5-70 4., quite 
different from the hydroxide, goethite, Fe,O,,H,O, examined by de Jong (Natuurwetensch, 
Tijds., 1930, 12, 69). It is by no means certain, however, that the compound investigated by 
Fordham and Tyson is the same as that of Béhm, for they prepared the hydroxide membrane by 
electrolysis, between platinum electrodes, with the two solutions separated by a collodion 
membrane. It seems likely that the product under examination in this paper is similar to the 
one investigated by B6hm. 

Previous Work.—The divergent values for the solubility product of ferric hydroxide found in 
the literature may be due, not only to the variable forms of precipitate but also to the tendency 
to form colloidal solutions. Britton (J., 1925, 2148), by an electrometric titration of an acid 
solution of ferric chloride with sodium hydroxide, found the solubility product to be 10-*77 at 
pH 2-3. At this pH, however, the hydroxide was largely colloidal and was not coagulated until 
the pH had been further raised to 6-6. Jellinek and Gordon (Z. physikal. Chem., 1924, 112, 207) 
measured the hydrion concentrations, with a hydrogen electrode, of solutions of ferric chloride in 
potassium chloride, to which sodium hydroxide had been added; the concentration of ferric ions 
in solution was measured colorimetrically with thiocyanate. They obtained a value of 10-*"* 
but their method is open to criticism, since the introduction of thiocyanate would probably alter 
the concentration of ferric ions in equilibrium with the hydroxide. Ruff and Hirsch (Z. anorg. 
Chem., 1925, 146, 338), by a fractional precipitation method, determined a value of 10-*5%, 
while Kriukov and Awsejewitsch (Z. Elektrochem., 1933, 39, 884) measured the variation of 
solubility product with pH, by an electrometric titration of an acid solution of ferric sulphate 
with sodium hydroxide. They found a variation between 0-1 x 10-* at pH 2-32 and 
3-45 x 10-% at pH 3-45. A calculation based on the redox potential of the ferrous—ferric 
equilibrium gave a value of 10-%*5. 

Cooper (Proc. Roy. Soc., 1937, B, 124, 299) recalculated the results of Kriukov and 
Awsejewitsch, using the concept of activities, arbitrarily assuming a value of 0-2 for the activity 
coefficient of ferricions. He thus obtained values between 10-**7 and 10-%*?. 


EXPERIMENTAL. 


The solubility product of the gelatinous hydroxide was determined by electrometric titration. 
The ferric alum employed was free from Cr°”, Mn *, Ni, NO,’, Br’, and I’; there was a barely detectable 
trace of Cl’, but as this ion has a lower flocculating power than SO,” its presence may be neglected. 
Ferrous ions—the presence of which might have affected the results—could not be detected by the 
sensitive a«’-dipyridyl] test. 

In a typical experiment an acid ferric alum solution (0-05mM-H,SO, and 0-02m-ferric ammonium 
sulphate) was titrated with sodium hydroxide (0-157m). The calculated volume of alkali required to 
neutralise the acid was 127-0 c.c. and that required to precipitate the hydroxide completely was 
153-2 c.c., making a total of 280-2 c.c. 

During the titration the hydrogen-ion activity was measured by means of a glass electrode in 
conjunction with a calomel half-cell; the temperature was maintained at 20° + 0-25° by means of a 
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water-bath. The solution was vigorously stirred, by mechanical means, so that the pH soon became 
steady after each addition of alkali. Special care was taken to decide the exact pH at which precipitation 
first occurred. The relation between pH and the volume of alkali added is shown in the Figure. 
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The free acid was neutralised at point A after the addition of 127 c.c. of 0-157N-sodium hydroxide. 
The further addition of alkali gave rise to formation of a colloidal solution of ferric hydroxide, whose 
colour changed from pale yellow to deep red between pH 2-0 and 3-0. After 200 c.c. of sodium hydroxide 
had been added and the pH of the solution had risen to 3-00 gelatinous ferric hydroxide was observed to 
be precipitated at the point B. Its formation was further characterised by a marked flattening of the 
titration curve. 

If the assumption was then made that the quantity of ‘‘ free ’’ ferric ions still in solution at B 
was equivalent to the additional volume of sodium hydroxide that had to be added to complete the 
precipitation of the hydroxide, the value of the solubility product could be calculated. Chemical 
examination of the solution in equilibrium with the gelatinous hydroxide justified this assumption. 

Thus, the free ferric ion content of the solution at B, where gelatinous ferric hydroxide is first 
precipitated 

= 280-2 — 200 = 80-2 c.c. of 0-157N-NaOH, 


4.e., the concentration of ferric ions in solution at B 


80-2 1 ie Se : 
= 00 * 0-157 x .= 1-05 x 10° g.-ion/litre. 
Precipitation of gelatinous ferric hydroxide first occurs at pH 3-00. Since K, at 20° is 10-**-?°, [(OH)’ 
must be 10-14-20+8-00, that is 10-12**°. Consequently, the solubility product of ferric hydroxide 


K = [Fet++][(OH’}* = 1-05 x 10 x 10-0 — 10-558 at 20°, 


Results.—In all, six determinations were made at four different concentrations of reagents, one of the 
experiments being performed in triplicate. The results are shown in the table. 


Concn. of Concn. of 
Concn.of Concn.of ferric Solubility Concn. of Concn.of ferric Solubility 
Expt. acid, Nn. alkali, nN. alum, Mm. product. Expt. acid, nN. alkali, nN. alum, Mm. product. 
I 0-1000 0-1570 0-0200 10-35-58 IV(a) 90-1000 0-2295 0-0191 10°*5-47 
II 0-1330 0-4590 0-0191 10-35-42 IV(b) 0-1000 0-2295 0-0191 10-35-44 
Ill 0-0500 0-1836 0-0091 10-35-57 IVi(c) 00-1000 0-2295 0-0191 10-25-47 


In all the experiments the gelatinous ferric hydroxide was first precipitated within a pH range of 
3-00—3-05. Despite the fact that the initial pH of ne ome varied slightly, and that different 
effective concentrations of reagents were used, the solu wn Baga appeared to be constant within the 
limits of experimental error. This indicates that the number is a true solubility constant; previously, 
owing to the colloidal nature of the system, uncertainty had been felt as to whether this would be the 
case. Thus the solubility product of gelatinous ferric hydroxide appears to be 10-*** at 20°. 


DISCUSSION. 
The value of 10-*** is higher than those generally quoted for the solubility product of ferric 
hydroxide. In the freshly precipitated, gelatinous, state the hydroxide is, however, more 
soluble than in the aged or colloidal condition, and so the difference in solubility product is not 
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surprising. Kriukov and Awsejewitsch (loc. cit.) found the solubility product of ferric hydroxide, 
at pH 2-98, to be 0-7 x 10-**, at 18°, which is in reasonable accord with the authors’ result, since 
the solubility product will be likely to increase rapidly with a rise in temperature. 

This value of solubility product may be useful in predicting the conditions under which ferric 
hydroxide will be formed in certain corrosion reactions. 


One of the authors (M. J. P.) wishes to thank the Department of Scientific and Industrial Research 
for financial support. 
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$35. Products from the Condensation of Tolylene-2:4-diamine with the 
Cyanohydrins of cycloPentanone and cycloHexanone. 


By A. E. Bonp, T. DEEGAN, and S. G. P. PLAnrt. 


NN’-Bis-(1-cyanocyclopentyl)tolylene-2 : 4-diamine and 1-0-amino-p-toluidino-1-cyanocyclo- 
pentane have been obtained from the interaction of tolylene-2: 4-diamine and cyclopentanone 
cyanohydrin under different conditions. Several derivatives and substances related to these 
cyanides have been prepared and investigated in an attempt to synthesise a methylindolo- 
carbazole. A study of the reaction between tolylene-2: 4-diamine and cyclohexanone cyano- 
hydrin has given results which do not agree with earlier recorded statements. 


CARBAZOLE and its l-methyl and 3-methyl derivatives have been obtained from 1-anilino- 
cyclopentane-l-carboxylic acid (I) and the corresponding toluidino-compounds by fusion with 
potassium hydroxide, with or without the addition of sodium ethoxide (Plant and Facer, /,, 
1925, 127, 2037; Oakeshott and Plant, J., 1926, 1210; 1927, 484). During the course of 
investigations directed towards the synthesis of indolocarbazoles and their simple derivatives 
it seemed possible that an application of this reaction to the dibasic acid (II; R = CO,H) 
would lead to the compound (III). 

NN’-Bis-(1-cyanocyclopentyl)tolylene-2 : 4-diamine (II; R = CN) has been obtained by adding 
potassium cyanide to an acetic acid solution of tolylene-2 : 4-diamine and cyclopentanone, but 
attempts to hydrolyse it directly to the acid failed, partly owing to the ease with which it 


HO,C CH,CH, CH, CH, = 
= a 
Me» H-CR KT 
os * mel [NH 
Ph-N H,-CH, , CH,-CH, Vj 
(I.) < O 7 
—/ 


is split, e.g., by boiling hydrochloric acid, to give tolylene-2:4-diamine. The corresponding 
diamide (II; R = CO*NH,) was readily obtained from it, however, by the sulphuric acid 
method, but this also could not be converted into the acid. Furthermore, when the diamide 
was heated with potassium hydroxide in an attempt to get (III), a relatively large amount of 
tolylene-2 : 4-diamine distilled over, and there was no trace of an alkali-insoluble carbazole de- 
Trivative in the residue. 

When a mixture of tolylene-2 : 4-diamine and cyclopentanone cyanohydrin in the molecular 
proportions of 1: 2 was left at room temperature, the condensation proceeded only as far as 
the half-way stage, and the product was shown to be 1-o-amino-p-toluidino-1-cyanocyclopentane 
(IV) by synthesis from o-nitro-p-toluidine via 1-0-nitvo-p-toluidino-l-cyanocyclopentane (V; 
R = CN), which was hydrogenated catalytically. 

1-0-Nitro-p-toluidinocyclopentane-1-carboxyamide (V; R = CO*NH,), from the nitrile, could 
not be hydrolysed further, but 1-0-nitvo-p-toluidinocyclopentane-l-carboxylic acid (V; R= 
CO,H) was readily obtained by the nitration of 1-p-toluidinocyclopentane-l-carboxylic acid 
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in sulphuric acid, and its structure confirmed by pyrolysis with the formation of o-nitro-p- 
toluidine. The acid (V; R = CO,H) was reduced to 1-0-amino-p-toluidinocyclopentane-1- 
carboxylic acid. The isomeric 1-p-amino-o-toluidinocyclopentane-l-carboxylic acid (VI) was 
prepared from p-nitro-o-toluidine via 1-p-nitvo-o-toluidino-1-cyanocyclopentane and the corre- 
sponding amide, which, unlike its isomer, was readily hydrolysed to the nitro-acid before 
reduction. The acid (VI) was also very conveniently made from -acetamido-o-toluidine 
through 1-p-acetamido-o-toluidino-1-cyanocyclopentane and the corresponding amide, which 
was directly converted into the amino-acid by hydrolysis with hydrochloric acid. It was 
thought that these isomeric amino-acids might give aminomethylcarbazoles on fusion with 
potassium hydroxide, whence by a sequence of reactions similar to those outlined above the 
compound (III) might ultimately be obtained, but fission of the substances with the formation 
of tolylene-2 : 4-diamine again ensued and no appreciable quantity of a carbazole derivative 
was formed. 


Me Me HO,C CH,-CH, 
a H, Cr 
Me 
\ \ 
‘Yn ‘Yu 4 » if ‘vn, H, 
C-CN CR Sy 
H, 
H.C CH, Hf 
Hy H, Hy, H, 
(IV.) (V.) (VI.) 


The reaction between tolylene-2 : 4-diamine and cyclohexanone cyanohydrin has been inves- 
tigated by Bucherer and Fischbeck (J. pr. Chem., 1934, 140, 69) who claim that 1-p-amino-o- 
toluidino-1-cyanocyclohexane, m. p. 130°, was obtained by heating a mixture of the reactants 
in equimolecular proportions for a day on the steam-bath. There is no proof of the structure 
of the product other than a nitrogen analysis and such an orientation of the substituents in 
the benzene ring would be extremely improbable in view of the results described above. 
NN’-Bis-(1-cyanocyclohexyl)tolylene-2 : 4-diamine is said to result from keeping a mixture of 
the diamine and cyanohydrin in the molecular proportions of 1: 2 at room temperature for 
three weeks. No analysis is given for the product, m. p. 116°, but it was hydrolysed to a 
diamide, m. p. 207°. We have found that NN’-bis-(1-cyanocyclohexyl)tolylene-2 : 4-diamine, 
which melts at 124°, can be readily prepared by treating the diamine and cyclohexanone in 
acetic acid solution with potassium cyanide, and have transformed it into the corresponding 
diamide, m. p. 232—233°. A study of the reaction between the diamine and the cyanohydrin 
under various conditions similar to those described by Bucherer and Fischbeck has failed to 
give a homogeneous monocyanide, the only pure material obtained being the dicyanide, 
m. p. 124°. 

NN’-Bis-(1-carbamylcyclohexy])tolylene-2 : 4-diamine behaved like the analogous cyclo- 
pentane derivative on fusion with potassium hydroxide and gave tolylene-2: 4-diamine, and 
attempts to get the corresponding dicarboxylic acid were unsuccessful. 


EXPERIMENTAL. 


NN’-Bis-(1-cyanocyclopenty!)tolylene-2 : 4-diamine.—Potassium cyanide (40 g.) in water (100 c.c.) 
was gradually added to tolylene-2 : 4-diamine (24 g.) dissolved in glacial acetic acid (280 c.c.) containing 
cyclopentanone (40 g.), and the whole left at room temperature for 24 hours. When the product (55 g.), 
which separated as an oil and slowly solidified, was crystallised from acetic acid or alcohol, NN’-bis- 
(1-cyanocyclopentyl)tolylene-2 : 4-diamine was obtained in colourless prisms, m. Pa 112° (Found: C, 73-9; 
H, 7-8. C,,H,,N, requires C, 74-0; H, 7-8%). It was insoluble in dilute hydrochloric acid, but a salt 
(decomposed by water) separated when hydrogen chloride was passed into its solution in dry ether. 
When recrystallised from dioxan, it was obtained in colourless needles, m. p. 88—94°, containing solvent 
- crystallisation (Found: C, 71-3; H, 81; N, 16-1. 2C,,HN,,C,H,O, requires C, 71-6; H, 8-0; 

, 159%). 

After a solution of the dicyanide (2 g.) in concentrated hydrochloric acid (20 c.c.) had been refluxed 
for 2 hours and evaporated to dryness, the residue was dissolved in aqueous sodium hydroxide, and 
the whole acidified with acetic acid and shaken with acetic anhydride. A copious precipitate of NN’- 
diacetyltolylene-2 : 4-diamine, m. p. and mixed m. p. 224°, soon separated. 

NN’-Bis-(1-carbamylcyclopenty!)tolylene-2 : 4-diamine.—A solution of the above dicyanide (15 g.) 
in concentrated sulphuric acid (150 c.c.) was left for 2 days at room temperature, poured on ice, and 

L 
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made alkaline with ice-concentrated ammonia. The solid (12-3 g.) was crystallised from aqueous alcohol 
and NN’-bis-(1-carbamylcyclopentyl)tolylene-2 : 4-diamine obtained in colourless prisms, m. p. 209° 
(Found : C, 66-2; H, 8-1; N, 16-2. C,,H,,0,N, requires C, 66-3; H, 8-1; N, 163%). It was readily 
dissolved by dilute hydrochloric acid. 

A mixture of the diamide (10 g.) and powdered potassium hydroxide (30 g.) was heated in a copper 
tube for 20 minutes at 270—300°, and the volatile products were condensed and collected. When the 
distillate was dissolved in dilute acetic acid, the whole shaken with ether, and the aqueous solution 
shaken with acetic anhydride, NN’-diacetyltolylene-2 : 4-diamine (2 g.), identified by mixed m. p., rapidly 
separated. No insoluble material remained when the alkali residue was dissolved in water. 

1-0-A mino-p-toluidino-1-cyanocyclopentane.—(a) When a mixture of cyclopentanone cyanohydrin 
(6-6 g.) and tolylene-2 : 4-diamine (3-6 g.) was left at room temperature for 4 days, it partly solidified, 
and treatment with alcohol gave 1-0-amino-p-toluidino-1-cyanocyclopentane (5-8 g.), which separated 
from alcohol in colourless prisms, m. p. 133—134° (Found: C, 72-7; H, 7:8; N, 191. C,,H,,N, 
requires C, 72-6; H, 7-9; N, 19-5%), readily soluble in dilute hydrochloric acid. The amine was 

‘ound with acetic anhydride, the mixture shaken with water for 15 minutes, and the product crystal- 
ised from alcohol; 1-0-acetamido-p-toluidino-1-cyanocyclopentane was obtained in colourless prisms, 
m. p. 164° (Found: C, 70-3; H, 7-4. C,;H,,ON, requires C, 70-0; H, 7:-4%). When the cyano- 
hydrin (15 g.) and diamine (7-2 g.) in dioxan (36 g.) had been kept at 40° for 10 days, and some of the 
solvent removed, the above amine (4 g.) again separated. After filtration and removal of all the solvent 
from the filtrate, treatment of the residue with dilute hydrochloric acid extracted more amine (2 g.) 
and left NN’-bis-(1-cyanocyclopentyl)tolylene-2 : 4-diamine (5 g.). 

(6) A solution of o-nitro-p-toluidine (4-5 g.) and cyclopentanone (3 g.) in glacial acetic acid (30 c.c.) 
was treated with potassium cyanide (3 g.) in water (6 c.c.), and left fora day. The 1-o-nitro-p-tolutdino- 
1-cyanocyclopentane (6-5 g.), golden yellow needles, m. p. 131°, from alcohol, which gradually separated 
was collected after dilution with water (Found: N, 17-4. (C,,;H,,;0,N, requires N, 17-1%). The 
nitro-compound was reduced in methyl-alcoholic solution (only partly soluble) by hydrogen and Raney 
nickel (about 3 atmospheres) at room temperature (about an hour), and, after the filtered solution 
had been evaporated under reduced pressure, 1-o-amino-p-toluidino-l-cyanocyclopentane remained. 
It was dissolved in dilute hydrochloric acid, the solution filtered and made alkaline, and the product 
(yield : 76%), colourless prisms, m. p. 131—132°, from alcohol, shown to be identical with the above 
amine by mixed m. P-. and by conversion into the acetamido-compound, also identified by mixed m. p. 

1-0-Nitro-p-toluidinocyclopentane-1-carboxyamide.—Prepared from _ 1-o-nitro-p-toluidino-1-cyano- 
cyclopentane by a process similar to that described for NN’-bis-(1-carbamylcyclopentyl)tolylene- 
2: 4-diamine, this amide separated from isoamyl alcohol in orange prisms, m. p. 162° (Found: N, 15:8. 
C,3;H,,0,N; requires N, 16-0%). 

1-0-Nitro-p-toluidinocyclopentane-l-carboxylic Acid.—Powdered potassium nitrate (15 g.) was 
gradually added with stirring to a solution of 1-p-toluidinocyclopentane-l-carboxylic acid (30 g.; Oake- 
shott and Plant, J., 1926, 1210) in concentrated sulphuric acid (300 c.c.) at room temperature. After 
the whole had been poured on ice, partial neutralisation of the solution with ammonia precipitated 
1-0-nitro-p-toluidinocyclopentane-1-carboxylic acid, which separated from benzene in yellow prisms 
(24 g.), m. p. 132° (Found: N, 10-6. C,,H,,0,N, requires N, 10-6%). When the acid was heated 
for a short time at 200°, the product distilled under reduced pressure, and the distillate crystaJlised 
from water, o-nitro-p-toluidine, identified by mixed m. p., was obtained in yellow needles, 
m. p. 78°. 

The nitrosoamine, precipitated when sodium nitrite was added to a solution of the nitro-acid in 
dilute hydrochloric acid, crystallised from aqueous alcohoi in almost colourless plates, m. p. 133° 
(decomp.) (Found: N, 14-5. C,,H,,0,;N, requires N, 14-3%). 

When the nitro-acid (1 g.) was treated in pyridine with acetyl chloride (0-5 c.c.), and dilute hydro- 
chloric acid added after a few minutes, the acety/ derivative was precipitated as a gum which gradually 
solidified. It was obtained from alcohol in colouriess plates (0-8 g.), m. p. 162° (Found: N, 9-2. 
C,5;H,,0,;N, requires N, 9-2%). 

The methyl ester of the nitro-acid, prepared by refluxing the acid for 4 hours with methyl-alcoholic 
hydrogen chloride and pouring the mixture into ammonia, crystallised from methyl alcohol in golden 
yellow prisms, m. p. 111° (Found: N, 10-4. C,,H,,0,N, requires N, 10-1%). 

1-0-A mino-p-toluidinocyclopentane-1l-carboxylic Acid.—A solution of 1-o-nitro-p-toluidinocyclo- 
ee ee acid (10 g.) in dilute ammonia was gradually added to a hot mixture obtained 

ry adding excess of ammonia (d 0-88) to a boiling solution of ferrous sulphate (90 g.) in water. The 
whole was boiled for 15 minutes and filtered, and the filtrate evaporated under reduced pressure in an 
atmosphere of nitrogen. 1-0-Amino-p-toluidinocyclopentane-l-carboxylic acid remained when the 
residue was washed with water, and, after crystallisation from alcohol, it was obtained in colourless 
needles, m. p. 163—164° (Found: N, 11-7. C,,;H,,0,N, requires N, 12-0%). 

When the acid was heated with potassium hydroxide at 270—330° in a manner similar to that 
described in the case of NN’-bis-(1-carbamylcyclopentyl)tolylene-2 : 4-diamine, a substantial amount 
of NN’-diacetyltolylene-2:4-diamine was obtained from the distillate, while no insoluble material 
remained after the alkali residue had been dissolved in water. 

1-p-Nitro-o-toluidinocyclopentane-1-carboxylic Acid.—After a mixture of p-nitro-o-toluidine (20 g.), 
eo (12 g.), glacial acetic acid (200 c.c.), and potassium cyanide (12-8 g. in 30 c.c. of water) 
had n kept at 40° for 48 hours, addition of water precipitated 1-p-nitro-o-toluidino-1-cyanocyclo- 
pentane (22 g.), which crystallised from alcohol in yellow needles, m. p. 121—122° (Found: N, 16-9%). 
1-p-Nitro-o-toluidinocyclopentane-1-carboxyamide, prepared like its isomer, separated from alcohol in 
yellow prisms, m. p. 153° (Found: N, 15-8%). After a solution of the amide (16 g.) in concentrated 
hydrochloric acid (400 c.c.) had been refluxed for an hour and evaporated to dryness on a steam-bath, 
the residue was treated with warm aqueous sodium hydroxide, the solution filtered, and the cold filtrate 
acidified with acetic acid. The precipitated 1-p-nitro-o-toluidinocyclopentane-1l-carboxylic acid (12-6 g.) 
crystallised from aqueous acetic acid in yellow plates, m. p. 190—193° (Found: N, 10-6%). 
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1-p-A mino-o-toluidinocyclopentane-1l-carboxylic Acid.—{a) When p-acetamido-o-toluidine (1-6 g., 
a as described by Wallach, Annalen, 1886, 234, 350) and cyclopentanone (1 g.) in glacial acetic 
acid (25 c.c.) were treated with potassium cyanide (0-75 g. in 3 c.c. of water), and the whole left at room 
temperature for 36 hours, 1-p-acetamido-o-toluidino-1-cyanocyclopentane gradually separated. After 
addition of water, the product (yield : 75%) was crystallised from acetic acid or alcohol and obtained 
in colourless prisms, m. p. 180° (decomp., after sintering from 165°) (Found: C, 70-3; H, 7-6; N, 16-4. 
C,5H,,ON, requires C, 70-0; H, 7-4; N, 16-3%). The cyanide was hydrolysed by sulphuric acid as 
described above to 1-p-acetamido-o-toluidinocyclopentane-1-carboxyamide which separated from alcohol 
in colourless prisms (yield : 80%), m. p. 202—203° (Found: C, 65-5; H, 7-5. C,,H,,O,N, requires 
C, 65-5; H, 7-6%). When a solution of the amide in concentrated hydrochloric acid was evaporated 
on the steam-bath, the residue dissolved in hot aqueous sodium hydroxide, and the cold filtered solution 
carefully neutralised with acetic acid, 1-p-amino-o-toluidinocyclopentane-1l-carboxylic acid, colourless 
needles, m. p. 202° (decomp., after sintering from 180°), from alcohol, was precipitated (yield, 70%) 
(Found: C, 66-9; H, 8-0; N, 12-1. C,,H,,0,N, requires C, 66-7; H, 7-7%). 

(b) 1-p-Nitro-o-toluidinocyclopentane-l-carboxylic acid was reduced by the ferrous sulphate and 
ammonia method described above for the isomeric acid, and the resulting amino-acid, m. p. 202° 
(decomp.) (Found: N, 12-3%), proved to be identical with that obtained by method (a). 

The acid (6 g.) was heated with potassium hydroxide (21 g.) at 320—340° for 15 minutes as previously 
described, and NN’-diacetyltolylene-2 : 4-diamine (1-8 g.) was obtained from the distillate. When the 
alkali melt was dissolved in water, there was some insoluble material (1 g.), but this could not be 
obtained crystalline, and it is unlikely that it contained any appreciable quantity of 4-amino-1-methyl- 
carbazole because it was practically insoluble in hot dilute Lydrochloric acid. 

NN’-Bis-(1-cyanocyclohexyl)tolylene-2 : 4-diamine.—{a) Conditions similar to those described above 
for NN’-bis-(1-cyanocyclopentyl)tolylene-2 : 4-diamine, but with cyclohexanone, gave a good yield of 
NN’-bis-(1-cyanocyclohexyl)tolylene-2 : 4-diamine, which separated from alcohol in colourless prisms, m. p. 
124° (Found : C, 75:3; H, 8-4; N, 16-6. C,,H,,N, requires C, 75-0; H, 8-3; N, 16-7%). It was not 
dissolved by dilute hydrochloric acid. 

(b) After a mixture of tolylene-2: 4-diamine (6-1 g.) and-cyclohexanone cyanohydrin (12-5 g.) had 
been left at room temperature for 3 weeks with occasional shaking, a little cyclohexanone was added 
and the whole heated for 7 hours on a steam-bath. When cold, the mixture was stirred with dilute 
hydrochloric acid, the aqueous solution removed by decantation, and the residue crystallised from 
alcohol. NN’-Bis-(1-cyanocyclohexyl)tolylene-2 : 4-diamine (6-7 g.), m. p. 124°, identical (mixed m. p.) 
with the above material, was obtained. 

(c) A mixture of tolylene-2:4-diamine (2-4 g.) and cyclohexanone cyanohydrin (2-5 g.) was heated at 
100° for 11 hours, cooled, and stirred with dilute hydrochloric acid. The insoluble product was crystal- 
lised from alcohol, and NN’-bis-(1-cyanocyclohexyl)tolylene-2 : 4-diamine (0-3 g.), m. p. 123°, identified 
by mixed m. p., obtained. When the acid solution was made alkaline with ammonia, a gummy pre- 


‘ cipitate was formed, but it was not possible to isolate a homogeneous product from it. Exactly similar 


results were obtained after the reaction mixture had been heated for 24 hours at 100°. 
NN’-Bis-(1-carbamylcyclohexyl)tolylene-2 : 4-diamine.—Prepared from the a dicyanide 
like the other amides, this compound crystallised from aqueous alcohol in colourless needles (yield, 
e%). % p. 232—233° (Found: C, 67-4; H, 8-5; N, 14-9. Calc. for C,,H,,0,N,: C, 677; H, 8-6; 
, 15-1%). 


We are grateful to the Chemical Society for a grant to one of us (T. D.) which has defrayed part of 
the cost of this investigation. 
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$36. The Electronic Interpretation of the Strecker Degradation. 


By Fawzy G. Bappar. 


The mechanism suggested by Schénberg, Moubasher, and Mostafa (J., 1948, 176) to explain 
the degradation of «-amino-acids to the corresponding aldehydes or ketones, containing one less 
carbon atom, by the action of certain carbonyl compounds is interpreted electronically. 
Besides the compounds listed in Table I (Schénberg et al., loc. cit.) o-, m-, and p-nitrobenz- 
aldehyde are found to effect the degradation of alanine, «-aminoisobutyric acid, and a-amino- 
pare acid to acetaldehyde, acetone, and benzaldehyde respectively. N-o-Nitro- 

nzylidene-ethylamine (IX, R = Me) gives acetaldehyde on refluxing with 50% glycerol, 
whereas N-p-nitrobenzylidenebenzylamine (VIII, R = H; R, = Ph) gives benzaldehyde when 
refluxed with pyridine followed by hydrolysis with dilute sulphuric acid. 


In a recent publication, Schénberg, Moubasher, and Mostafa (Joc. cit.) concluded from a study 
of the Strecker degradation of a-amino-acids, with certain carbonyl compounds, to the 
corresponding aldehydes or ketones with one less carbon atom, that the following two conditions 
must be satisfied: (1) The twe hydrogen atoms attached to the nitrogen atom must be 
unsubstituted. (2) The carbonyl compound should contain the grouping -CO-[CH‘CH],°CO» 
where m = 0 or an integer, and that at least one *CO* group must be aldehydic or ketonic. 
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The mechanism put forward by the above authors [see scheme B, Joc. cit.] (cf. Herbst, J. 
Amer. Chem. Soc., 1936, 58, 2239; Herbst and Rittenberg, J. Org. Chem., 1943, 8, 380) is 
electronically interpreted and can be symbolised as follows : 


R H 
R H ea |X a 
win Yee? “ re 
9 SARS Te Maggy nee th, 
(I.) 


a- wt) 
(I1.) “= —N=t—H H-N=C-H |, H—NH, 
¢) SR ae Te 2c qual T \ sole | + R-CHO 
fo. d+ 
‘ —O—iH =O —C=0 
(IV.) 


The mesomeric displacement of electrons initiated by the carbonyl group in (I) will place a 
positive charge on the imino-nitrogen atom which facilitates the elimination of carbon dioxide 
as shown. Either the liberated proton or one from the medium can attack either of the two 
negative centres (a) and (b) in (II) to give (III) or (IV) respectively. The proportion in which 
material in the intermediate state (II) undergoes change to (III) or (IV) would depend on the 
relative rates with which the mesomeric anion (II) takes up the proton. The dotted lines 
indicate the fate of electron pairs originally forming the bonds. 

The decarboxylation of (I) and the mesomeric displacement of electrons in (II) are enhanced 
by any electron-attracting group which facilitates the release of the proton and at the same 
time forms a suitable seat for the remaining negative charge. Such a group must be preferably 
directly attached to or conjugated with the imino-carbon atom in (I). The fact that these 
conditions are fulfilled by all the compounds listed in Table I and not by most of those in Table II 
of Schénberg’s communication (/oc. cit.) is strong evidence for this electronic interpretation. 

Further proof of its validity was obtained in the present investigation. According to the 
above mechanism one would expect that any carbonyl compound in which the carbonyl] group is 
directly attached to or conjugated with any strong electron-attracting group (other than *CO*), 
which fulfils the above requirements (e.g. NO,), would effect the Strecker degradation. 

o- and p-Nitrobenzaldehyde were chosen since in these compounds the nitro-group is 
conjugated with the carbonyl group through the benzene nucleus. They are also known to 
condense both with primary amines (Andree, Ber., 1902, 35, 420: Ingold and Piggott, J., 1922, 
121, 2381) and with)a-amino-acids (Bergmann, Ensslin, and Zervas, Ber., 1925, 58, 1034). As 
expected, they were found to react with alanine, «-aminoisobutyric acid, and «-aminophenyl- 
acetic acid when refluxed in 50% aqueous glycerol in an atmosphere of carbon dioxide, to give 
appreciable amounts of acetaldehyde, acetone, and benzaldehyde respectively. However, when 
a mixture of p-nitrobenzaldehyde and alanine was either heated with 50% aqueous glycerol on 
the water-bath or refluxed with water, traces only of acetaldehyde were liberated. When the 
above solvents were replaced by 75% aqueous pyridine and the mixture heated on the water- 
bath, the acetaldehyde was more quickly liberated and its yield enormously increased. 

m-Nitrobenzaldehyde, however, reacted very slowly with alanine, «-aminoisobutyric acid, 
and «-aminophenylacetic acid in boiling 50% aqueous gycerol, giving poor yields of acetaldehyde, 
acetone, and benzaldehyde respectively. Although the yield of acetaldehyde and acetone 
increased enormously when glycerol was replaced by 75% aqueous pyridine, it was much less 
than that obtained with o- and p-nitrobenzaldehyde. This was expected since in o- and 
p-nitrobenzaldehyde, the nitro-group operates both by its strong tautomeric effect (— T) and by 
its relatively weak inductive effect (—J). In m-nitrobenzaldehyde, the nitro-group is not 
conjugated with the carbonyl group and, therefore, can only operate by its relatively weak 
inductive effect (—J). The yield of acetaldehyde and acetone in the case of o-nitrobenzaldehyde 
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was less than that in case of the p-derivative. This may probably be due to the condensation of 
o-nitrobenzaldehyde with both acetaldehyde and acetone to givendigo-blue/(s see | geen meen 


(Baeyer and Drewsen, Ber., 1882, 15, 2856). 3 te ade te 7 : 
1 
H=N—C—iH 
Mew 
O 
R ts a R ye i 
b+ aa wir + 
H=N < C<} H=N—Y G 
if ‘Co-H Ie, i a 
Vio Wy ® 3- 
l 2) CO, (2) (VIIL.) 
y vy fe R R, 
<A Gr -s H—N>= 
oo ~~ oO = he ZA UF 
(V.) (VI.) i] 
Cc 
(R = H or Me; R, = H, Me, or Ph) ie 
a 
_—~_— 
H® 
(VII.) 


The enhancing effect of pyridine cannot be merely one of solubility, for although the mixture 
of alanine and p-nitrobenzaldehyde is more soluble in boiling water or in 40% aqueous pyridine 
than in 75% aqueous pyridine, yet in the first two cases the yield of acetaldehyde was much 

rer. 

It is, therefore, more probably due to its basic property (nucleophilic character), which makes 
it a good proton acceptor. This would favour the condensation of the aldehyde with the 
a-amino-acid (Gulland and Mead, /., 1935, 211), facilitate the decarboxylation, and enhance the 
mesomeric displacement of electrons in (VI). 

The suggested mechanism was further supported by the fact that N-o-nitrobenzylidene- 
ethylamine (IX; R = Me) (Andree, Joc. cit.) liberated acetaldehyde on refluxing with 50% 
aqueous glycerol in a stream of carbon dioxide. The imine (IX; R = Me) dissolves in 
ice-cold dilute hydrochloric acid, but decomposes slowly on standing at room temperature, or 
quickly on warming, to o-nitrobenzaldehyde and ethylamine hydrochloride (Ingold and Piggott, 
loc. cit.). The extra stability of the imine (IX; R = Me) in neutral or alkaline media is 
caused by its resonance with structure (IXa; R= Me). This resonance is inhibited in acid 
medium by the addition of a proton to the imino-nitrogen atom. The imine (IX: R = Me) isa 
methyleneazomethine system and its hydrolysis to acetaldehyde by neutral or alkaline media 
requires the prototropic interconversion between the tautomerides (IX) and (X) (Ingold e¢ ai., 
J., 1935, 1778; Baker, Nathan, and Shoppee, J., 1935, 1847; Shoppee, J., 1931, 1225; 1932, 
696). 
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When N-p-nitrobenzylidenebenzylamine (VIII; R= H; R, = Ph) was refluxed with 75% 
aqueous glycerol and the product hydrolysed with dilute sulphuric acid and steam distilled, it 
gave only traces of benzaldehyde which could not be isolated as pure phenylhydrazone. This 
was not unexpected since Ingold and Piggott (/oc. cit.), and Shoppee (J., 1931, 1225) have shown 
that this methyleneazomethine is a non-mobile system. However, when it was refluxed with 
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dry pyridine for 6 hours followed by hydrolysis with dilute sulphuric acid, an appreciable amount 
of benzaldehyde was obtained. Under these conditions the prototropic change of (VIII) to (VII) 
must have occurred. The ease of degradation of alanine and «-aminophenylacetic acid with 
o- and p-nitrobenzaldehyde as compared with the low mobility of the methyleneazomethine 
system (IX; R = Me, and VIII; R =H, R, = Ph) is due to a great extent to the mobile 
nature of the intermediate anion (VI). The mobility of the methyleneazomethine system 
during decarboxylation is now under investigation. 


EXPERIMENTAL. 


The degradation of a-amino-acids was carried out in a carbon dioxide atmosphere in an apparatus 
similar to that used by Schénberg et al. (loc. cit.). In the case of alanine and a-aminoisobutyric acid the 
delivery tube from the upright condenser was directly dipped into a wide test-tube containing a solution 
of 2: 4-dinitrophenylhydrazine hydrochloride in 2nN-hydrochloric acid, cooled in ice-cold water. The 
reagent was prepared by dissolving the hydrazine (1-0 g.) in hot 2n-hydrochloric acid (400 c.c.), cooling 
the solution in ice, and filtering. 

Degradation of Alanine with o-, m-, and p-Nitrobenzaldehyde.—This was carried out using a mixture of 
alanine (0-3 g.; 1 mol.) and the nitrobenzaldehyde (0-5 g.; 1 mol.) either in 50% (v/v) aqueous glycerol 
(20 c.c.) or in 75% (v/v) aqueous pyridine (20 c.c.). The heating was continued for 3 hours and the 
liberated acetaldehyde reacted directly with the reagent, precipitating its 2 : 4-dinitrophenylhydrazone, 
This was filtered off in a sintered glass crucible, washed with dilute hydrochloric acid, then with water, 
and dried to constant weight. It was identified by its m. p. and mixed m. p. with an authentic specimen. 

The yields mentioned are reproducible within +10%, although they are of no quantitative 
significance. They only indicate the order of reactivity of the three nitrobenzaldehydes. 

(a) In 50% aqueous glycerol. The mixture of the a-amino-acid, nitrobenzaldehyde, and glycerol was 
gently refluxed on a sand-bath in a stream of carbon dioxide. With p- and o-nitrobenzaldehyde the 
acetaldehyde 2 : 4-dinitrophenylhydrazone started to be precipitated after }—} hour, whereas with the 
m-derivative traces were precipitated after 1 hour. The total yields collected, after 3 hours’ heating, 
were approximately 0-10, 0-04, and 0-02 g. respectively. In case of the o-derivative the colour of the 
reaction mixture changed to dark bluish-green, probably due to the formation of indigo-blue. 

(b) In 75% aqueous pyridine. The mixture of the a-amino-acid, nitrobenzaldehyde, and pyridine 
was heated on a boiling water-bath for 3 hours. With p- and o-nitrobenzaldehyde precipitation of the 
hydrazone started after }—} hour, whereas with the m-derivative precipitation started after }—} hour. 
The yields were 0-15, 0-15, and 0-06 g. respectively. In the case of the p- and o-aldehydes the insoluble 
amino-acid went slowly into solution with an obvious change in colour of the mixture; this indicated the 
condensation of the aldehyde with the a-amino-acid to give the corresponding Schiff’s base (McIntire, 
J. Amer. Chem. Soc., 1947, 69, 1377). 

(c) In water or 40% aqueous pyridine. A mixture of p-nitrobenzaldehyde and alanine was either 
refluxed with water (100 c.c.) or heated with 40% aqueous pyridine on the water-bath. In both cases 
a small amount of acetaldehyde was liberated. 

Degradation of «-Aminoisobutyric Acid with o-, m-, and p-Nitrobenzaldehyde.—The mixture of the 
a-amino-acid (0-35 g.; 1 mol.) and the nitrobenzaldehyde (0-5 g.; 1 mol.) was either refluxed with 50% 
aqueous glycerol (20 c.c.) or heated on the water-bath with 75% aqueous pyridine (20c.c.). The reaction 
was Carried out as in the case of alanine, and the precipitated acetone 2 : 4-dinitrophenylhydrazone was 
identified by its m. p: and mixed m. p. with an authentic specimen. 

(a) In 50% aqueous glycerol. The yield of acetone was in the order p- > o- > m-(traces). Incase of the 
o-derivative the colour of the reaction mixture turned to indigo-blue. 

(b) In 75% aqueous pyridine. The yield of acetone was much higher than in the case of (a), and was 
again least with the m-derivative. 

Degradation of a-Aminophenylacetic Acid with o-, m- and p-Nitrobenzaldehyde—A mixture of 
a-aminophenylacetic acid (0-5 g.; 1 mol.), the nitrobenzaldehyde (0-5 g.; 1 mol.), and 50% aqueous 
glycerol (20 c.c.) was refluxed for 3 hours in a carbon dioxide atmosphere. Water (20 c.c.) was added and 
the mixture distilled ix a stream of carbon dioxide. The first fraction of the distillate (ca. 10 c.c.) was 
treated with an aqueous solution of phenylhydrazine hydrochloride and warmed on the water-bath and 
the precipitated hydrazone crystallised from dilute alcohol. It was identified as benzaldehyde 
phenylhydrazone by its m. p. and mixed m. p. with an authentic specimen. Although no yields are 
given, as the hydrazone was usually contaminated with traces of that of the nitrobenzaldehyde, yet the 
yield was definitely least in case of the m-derivative. The degradation was effected with o-, m- and 
p-nitrobenzaldehyde even after one hour’s refluxing. 

Under the above-mentioned conditions alanine, and «-aminophenylacetic acid alone, with piperonal, 
or with benzoin did not degrade to the corresponding aldehydes. 

Decomposition of N-o-Nitrobenzylidene-ethylamime (IX; R = Me).—The imine (0-5 g.), prepared 
according to Andree (/oc. cit.) without subjecting it to distillation, was refluxed with 50% aqueous glycerol 
(20 c.c.) in a carbon dioxide atmosphere for three hours. The liberated acetaldehyde was identified as 
its 2: 4-dinitrophenylhydrazone (yield ca. 0-07 g. +0-01 g.). The liberation of acetaldehyde was, 
however, slower than in the case of o-nitrobenzaldehyde and alanine. 

Isomerisation of N-p-Nitrobenzylidenebenzylamine (VIII; R =H, R, = Ph).—The imine (0-5 g.) 
(Ingold and Piggott, Joc. cit.) was refluxed with dry pyridine (20 c.c.) for 6 hours in a dry carbon dioxide 
atmosphere. Dilute sulphuric acid (50—60 c.c.; 4N) was added until the solution became slightly 
acidic, and the mixture refluxed for 10 minutes. It was then distilled in a stream of carbon dioxide and 
the first fraction of the distillate (ca. 10 c.c.) was treated with an aqueous solution of phenylhydrazine 
hydrochloride. An appreciable amount of benzaldehyde phenylhydrazone was deposited, and was 
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identified by its m. Pi and mixed m. p. The fraction of the distillate collected after that gave a mixture 
of the hydrazones of benzaldehyde and p-nitrobenzaldehyde. 

Refluxing for 4 hours only caused isomerisation, but to a less extent. 

When the above imine was refluxed with 75% aqueous glycerol for 4 hours, it ‘o~— only traces of 
benzaldehyde which could not be obtained as its pure phenylhydrazone, being admixed with much 
p-nitrobenzaldehyde. 


The author wishes to express his thanks to Professors C. K. Ingold, F.R.S., and S. Sugden, F.R.S., for 
the facilities placed at his disposal. 


Str WILLIAM RAMSAY AND RALPH ForsSTER LABORATORIES, 
University CoLLecE, Lonpon. (Received, July 29th, 1948.) 





S37. Lanosterol. Part VII. The Position of the Hydroxyl Group 
in the Lanosterol Molecule. 


By CuarLes Dor&E, J. F. McGuiz, and FREDERICK KURZER. 


iso-‘‘ y’’-Lanostatriene and isolanostadiene obtained by the dehydrating action of 
phosphorus pentachloride upon dihydroagnosterol (‘‘ y ’’-lanosterol) and dihydrolanosterol 
respectively (cf. Part IV, J., 1947, 1467), have been oxidised with osmium tetroxide and lead 
tetra-acetate to yield successively diols and ketones, together with high yields of acetone. 
The formation of acetone, also observed in the ozonolysis of the hydrocarbons, suggests the 
presence of an tsopropylidene grouping in the molecule. The bearing of these results on the 
structure of lanosterol is discussed 


THE dehydration of alcohols of the lanosterol series to the corresponding hydrocarbons has 
recently been reported by us (cf. Part IV, Joc. cit.), when the dehydrating action of both 
phosphorus pentachloride and phosphorus oxychloride was described. Dihydroagnosterol and 
dihydrolanosterol gave iso-“ y ’’-lanostatriene C,)H,,, and isolanostadiene C,,.H5», repectively, 
and hydrocarbons isomeric with the above dehydration products were obtained with phosphorus 
oxychloride. We expressed the opinion, based on a consideration of several analogous cases in 
triterpene chemistry, that the phosphorus pentachloride dehydration presumably involved a 
retropinacolinic rearrangement accompanied by a contraction of the terminal ring A of lanosterol, 
and stated that experiments to confirm this view were in progress. In the meantime Ruzicka 
et al. (Helv. Chim. Acta, 1948, 31, 818), following our method of preparation, have reported the 
results of oxidation experiments on the dehydration product from dihydrolanosterol, thus 
affording evidence in support of the reaction mechanism suggested above, and establishing at 
the same time the position of the secondary hydroxyl group in lanosterol. The continuation of 
our work had necessarily involved the study of the same series of reactions which were 
applied both to iso-“‘ y ’’-lanostatriene and isolanostadiene. The results of our investigations, 
already briefly recorded elsewhere (Nature, 1949, 168, 140), are summarised below. 

iso-“‘ y’’-Lanostatriene, when oxidised with osmium tetroxide in anhydrous ether, gave a 
mixture of two isomeric diols of formula C;,H;,O,, which were separated by chromatographic 
analysis. Both diol (I) and diol (II) showed ultra-violet light absorption curves typical of 
members of the agnosterol series, with high-intensity maxima at 236, 245, and 251 my. 
Oxidation of both diols (I) and (II) with lead tetra-acetate in glacial acetic acid gave the same 
ketone (A), C,,H,,O, again exhibiting absorption maxima at the characteristic wave-lengths. At 
the same time acetone, isolated as the 2 : 4-dinitrophenylhydrazone, was formed in high yields. 
It was found advantageous in practice to isolate the ketone (A) and acetone from separate 
preparations: whilst only small quantities of the former substance were available after laborious 
purification from experiments in which the acetone had been removed by distillation, nearly 
theoretical yields of well-defined material resulted from experiments in which the longer heating 
had been omitted. The formation of the same ketone from diols (I) and (II) indicates that their 
isomerism is caused by a difference in the steric configuration of their hydroxyl groups. 
Application of the above reactions to isolanostadiene gave analogous results. Oxidation of the 
hydrocarbon with osmium tetroxide gave two isomeric diols (III) and (IV), of formula C,,H,,0,, 
each of which was subsequently converted into ketone (B), C,,H,,O. The properties and 
physical constants of the last three compounds were in essential agreement with those given by 
Ruzicka et al. (loc. cit.). 

Further evidence for the presence of the isopropylidene grouping in iso-" y ’’-lanostatriene 
and isolanostadiene was obtained by ozonolysis. When treated with ozonised oxygen in 
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anhydrous media, the hydrocarbons afforded ozonides which were decomposed by water to yield 
acetone, the ketone (A) or (B), and small quantities of unidentified acidic products. 


oH C,sH,, (I or IL.) 
A or 
foo : CysHy (III or IV.) 
H Curls PCI, \ CygHy, 
te Oa 
(VI.) (V.) 
sly | co (4) 
Ce2H oo (B.) 


The formation of acetone, (1) when the diols obtained by osmium tetroxide oxidation of iso- 
“* y’’-lanostatriene and isolanostadiene are further oxidised with lead tetra-acetate, and (2) by the 
direct ozonolysis of the hydrocarbons, indicates the presence of a terminal isopropylidene 
grouping in these hydrocarbons. The pinacolinic rearrangement occurring when triterpenoid 
alcohols are dehydrated with phosphorus pentachloride (Ruzicka et al., Helv. Chim. Acta, 1945, 
28, 767, 942, 1628) thus takes place also in the analogous formation of iso-‘‘ y ’’-lanostatriene 
and isolanostadiene. As previously shown by Ruzicka (loc. cit.) this rearrangement presupposes 
the location of the hydroxyl group of the original alcohol in a terminal ring in a position adjacent 
to the gem.-dimethyl groups. The structure of the terminal hydroxyl-bearing ring of dihydro- 
agnosterol and dihydrolanosterol, and hence lanosterol itself, can therefore be represented by 
the partial formula (VI). 


EXPERIMENTAL. 


Melting points are uncorrected. Optical rotations were determined in chloroform solution at 19°. 
The authors are indebted to Dr. E. A. Braude for the ultra-violet absorption measurements. 

iso-"‘ y’-Lanostatriene, prepared as described in Part IV (loc. cit.) and purified by several 
crystallisations from chloroform—methanol, formed colourless lustrous elongated plates, m. p. 136—137° 
(Found: C, 88-18; H, 11-80. Calc. for C,.H,,: C, 88-23; H, 11-76); [«]p+38-7°; +40-4° (c, 0-606; 
0-540). The [a]p value was erroneously reported in Part IV as 11°. 

Diol (1) and Diol (I11).—A solution of iso-‘ y ’’-lanostatriene (2-5 g.; 1 mol.) in anhydrous ether 
(100 ml.) was treated with osmium tetroxide (1-8 g.; 1-1 mols.) and the brown liquid left at room- 
temperature for 6 days. After removal of the solvent, the residue was taken up in benzene (40 ml.) and 
refluxed for 3 hours with a solution of mannitol (8 g.) and potassium hydroxide (8 g.) in water—ethanol 
(20 and 40 ml. respectively), the two phases of the mixture being mixed by occasional shaking. The 
liquid was quickly evaporated to small volume (40 ml.) under reduced pressure, the residue poured into 
water (200 ml.), and the product isolated by extraction with benzene. The washed benzene extracts 
were distilled to small volume (40 ml.), the solution diluted with light petroleum (b. p. 60—80°; 200 ml.), 
and the products absorbed on alumina (100 g., P. Spence, grade H). 

Elution of the column with benzene-light petroleum (b. p. 60—80°) (1:1; 5 x 500 ml.) and removal 
of the solvent gave a solid residue, which was recrystallised several times from acetone, with addition 
of a few — of water, and yielded lustrous plates of diol (I), m. p. 142—143° (Found: C, 80-97; H, 
11-47. Cyo5H,,O, requires C, 81-45; H, 11-31%); [a]p+46-5° (c, 0-493). Ultra-violet absorption 
spectrum (in cyclohexane) : maxima at 236, 244, and 251 my (E}%, = 395, 440, and 330 respectively). 

Further elution of the alumina column with benzene (3 x 500 ml.) and benzene—chloroform 
(1: 1; 500 ml.) resulted in a product which gave, on crystallisation from aqueous acetone, the micro- 
crystalline diol (II), C,.H;,0,, m. p. 128—130° (Found: C, 80-68; H, 11-31%); [a]p +54-3° (c, 0-774). 
Ultra-violet absorption spectrum: maxima at 235, 245, and 251 mp (E1%, = 390, 435, and 330 
respectively). Exhaustive elution of the column with chloroform gave a small quantity of a yellow oil. 

Ketone (A).—Diol (I) (1-6 g.; 1 mol.) was dissolved in chloroform (5 ml.) and glacial acetic acid 
(50 ml.), and treated with lead tetra-acetate (3-2 g.; 2 mols.). The resulting yellow liquid was left 
overnight at room temperature, briefly heated to 60°, and poured into water (400 ml.), and the product 
exhaustively extracted with ether. The combined ethereal extracts were washed until neutral with 
sodium hydroxide solution and water, the ether distilled off, and the crude product purified by filtration 
of its benzene solution through alumina (15 g.). The solid residue obtained after removal of the solvent 
gave, on two crystallisations from chloroform—aqueous methanol, ketone (A) as a silky mass of lustrous 
needles, m. p. 85—87° (Found: C, 84-51; H, 10-59. C,,H,,O requires C, 84-82; H, 10-99%); [alp 
+ 301° (c, 0-540). Ultra-violet absorption spectrum (in cyclohexane): Maxima at 236, 242, and 251 my 
(E}%, = 360, 360, and 360 respectively). 

Diol (II), when oxidised with lead tetra-acetate by the same procedure, gave the identical ketone A, 
m. p. 85—86°, [a]p + 296° (c, 0-608). 

Ketone (A) semicarbazone. A solution of ketone (A) (1 g.) and anhydrous sodium acetate (1 g.) in 
ethanol (150 ml.) was treated with semicarbazide hydrochloride (0-6 g.) in water (1 ml.) and refluxed for 
2 hours. After distillation to small bulk the residual liquid was poured into water (100 ml.), and the 
product extracted with benzene and purified by filtration through alumina (10 g.). Two crystallisations 
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from aqueous ethanol gave the semicarbazone as a white microcrystalline powder, m. p. 264° (decomp.) 
(Found: N, = ” CauHl sON, requires N, 9-57%). 

Tsolati fa separate experiments, ‘sil (I) and diol (II) (1 g.; 1 mol.), contained in closed 
50 ml. "distilling 3 were oxidised with lead tetra-acetate (2 g.; 2 mols.). After 6 hours at room 
temperature, water (15 ml.) was added, and the mixture partly distilled, two fractions of distillate 
(20 ml. each) being collected (residue, X). The first fraction was treated with a solution of 2 : 4-dinitro- 
phenylhydrazine (0-5 g.) in pure methanol (20 ml.) and sulphuric acid (1 ml.); after 24 hours at room 
temperature, well-defined flat orange blades of acetone 2: 4-dinitrophenylhydrazone, m. p. 124—126°, 
were obtained (dry weight, 250 mg.), giving no depression of m. p. with authentic material. The orange 
filtrate gave, on dilution with water, extraction with ether, and crystallisation from methanol, a further 
crop (85 mg.). The second fraction of the distillate gave on similar treatment only traces of orange 
needles, m. p. 122—125°. The residue (X), when worked up in the usual manner, gave a product from 
which small yields of ketone (A), m. p. 85—-87°, were isolated after chromatographic purification. 

In order to calculate the yield of acetone obtained under the conditions of the above experiment, a 
mixture of acetone (0-135 g., corresponding to 1 g. of diol), chloroform (5 ml.), and glacial acetic acid 
(50 ml.) was slowly distilled, and two fractions of distillate (20 ml. each) collected. Addition of a solution 
of 2: 4-dinitrophenylhydrazine sulphate (quantities as above) to each fraction, and isolation of the 
product as previously described, gave a total of 0-45 g. of acetone 2: 4-dinitrophenylhydrazone, thus 
indicating a 74% yield of acetone in the lead tetra-acetate oxidation of the diol. Absence of acetone in 
the solvent used was confirmed by leaving a solution of 2: 4-dinitrophenylhydrazine in methanol— 
sulphuric acid for 48 hours, by which time no solid had been formed. 

Diol (II1) and Diol (IV).—A solution of isolanostadiene (3-2 g.) in anhydrous ether (120 ml.) was 
treated at room temperature with osmium tetroxide (2-3; 1-1 mols.) for 5 days, and the crude product 
isolated as previously described. Chromatographic separation of the material absorbed on an alumina 
column (120g.; Spence, grade H) using benzene-light petroleum (b. p. 60—80°) (1: 1;5 x 500 ml.) and 
benzene (4 x 500 ml.) gave two series of eluates, from which diol FD, m. p. 144—145°, {a]p + 54° 
(c, 0-723) (Found: C, £0: 78; H, 11-56. Calc. for C,H,,0O,: C, 81-08; H, 11-71%), and diol (IV), 
m. p. 117—119°, [a]p “+ 28° (c, 438) (Found: C, 81-25; H, 11-60%), were isolated by crystallisation from 

ueous acetone. 

Ketone (B).—To a solution of diol (III) (1 g.; 1 mol.) in chloroform (5 ml.) and glacial acetic acid 
(40 ml.), lead tetra-acetate (2 g.; 2 mols.) was added, the solution left for 6 hours at room temperature, 
and the product isolated as previously described. Crystallisation from chloroform—aqueous methanol 
Ete long silky needles of ketone (B), m. p. 81—83°, [a]p + 196° (c, 0-480) (Found: C, 84-21; H, 11-23. 

ic ? nd C,,H,,O: C, 84:38; H, 11-46%). No absorption in the near-ultra-violet. 

a separate experiment, acetone was isola’ in 68% yield, as previously described, as the 
2: pe ee 2 mene smmng m. p. 125—126°. 

Ketones A and B. A solution of iso-‘‘ y ’’-lanostatriene (2 g.) in carbon tetrachloride (60 ml.) was 
treated with excess of ozonised oxygen at 0° for 2 hours. After removal of the solvent under reduced 
pressure, the residual oily ozonide was decom by refluxing it with water (150 ml.) for 1 hour, and 
the resulting reaction mixture was partly distilled, two fractions of distillate (40 ml. each) being collected. 
(residue, Y). Treatment with a solution of 2: 4-dinitrophenylhydrazine (0-8 g.) in water (10 ml.)— 
sulphuric acid (1 ml.) caused deposition, after several hours, of an orange solid (320 mg.), which gave, on 
crystallisation from aqueous methanol, acetone 2: 4-dinitrophenylhydrazone, m. p. 125—126°, not 
depressed by admixture with authentic material. The residues Y were diluted with water and extracted 
with ether, and the ethereal extracts were washed with sodium hydroxide and water until neutral. The 
solvent was removed, and the benzene solution of the residue purified by filtration through alumina 
(12 g.). Final crystallisation from chloroform-aqueous methanol gave small yields of ketone (A), 
m. p. 84—86° (Found: C, 84-41; H, 10-62%). Acidification of the alkaline washing liquids gave small 
quantities of an acidic product which was not further investigated. 

Ozonolysis of isolanostadiene as described above gave acetone (isolated as the 2: 4-dinitrophenyl- 
hydrazone) and ketone (B), m. p. 81—82°. 





CHELSEA PotyTecunic, S.W. 3. 
Kinc’s CoLLEGE oF HOUSEHOLD AND SOCIAL SCIENCE, W. 8. (Received, August 4th, 1948.] 





$38. The Mutarotation of levoMenthyl Benzoylformate in Alcoholic 
Solutions. 


By J. Grazer and E. E. TuRNER. 


The mutarotation of Jevomenthyl benzoylformate in primary alcohols is shown to be due to 
slow hemi-acetal formation. The kinetics of this reaction have been measured using both the 
polarimetric and the dilatometric method. The acid—base catalysis of such a reversible reaction 
is described and suitable mechanisms are proposed. 

It is shown that the extent of hemi-acetal formation (and, therefore, the extent of 
mutarotation) is stron ngly dependent on the nature of the alcoholic solvent: thus 
MeOH > EtOH > PriOH > ButOH. 


THE mutarotation of ethyl-alcoholic solutions of Jevomenthyl benzoylformate was regarded by 
McKenzie and Mitchell (Biochem. Z., 1929, 208, 456), who first observed it, as probably being due 


to the establishment of an equilibrium : Ph:CO-CO-0C,,H »= Ph:CO-CO-0C,,H 1» ' induced 
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asymmetry ” in the carbonyl group being postulated. An alternative explanation involving 
hemi-acetal formation was not ruled out but was not held to be so satisfactory. Jamison and 
Turner (J., 1941, 538) regarded the first concept as untenable and the second as probable, first 
pointing out that the mutarotation could be explained most simply by postulating combination 
of ester and alcohol to form the two possible hemi-acetals and later (Quarterly Reviews, 1948, 1, 
299) drawing attention to the possibility of “‘ first-order asymmetric transformation ” between 
the diastereoisomeric hemi-acetals A and B: 


H Et 
Ph*C-CO-OC 9H 1p == Ph-CO-CO-OC pH 1p == Ph-C-CO-OC pHi 
Et Ma a H 
A B 


The interaction of /evomenthyl benzoylformate and ethanol, if it leads to hemi-acetal 
formation, should give rise not only to mutarotational changes but also to other changes in 
physical properties. It has now been found that volume changes, which can be followed 
quantitatively by means of a dilatometer, accompany the interaction of /evomenthyl 
benzoylformate and ethanol, and moreover that, under comparable conditions, the velocity of 
the reaction as measured by the volume change is identical with that of the mutarotation. The 
reaction measured follows the first-order law, owing to the presence of ethanol in large excess. 

It is further shown that an ethanol solution of ethyl benzoylformate, in which hemi-acetal 
formation can give rise only to enantiomorphs of identical molecular volume, undergoes a 
contractional change which can be followed dilatometrically, a result at once leading to the 
conclusion that the mutarotation of ethanol solutions of Jevomenthyl benzoylformate could be 
sufficiently accounted for on the basis of hemi-acetal formation, superimposed “‘ first-order 
asymmetric transformation ’’ being neither indicated nor contra-indicated. The measured rate 
constant corresponding with the formation of diastereoisomerides such as A and B is the sum of 
two constants, k, and kg, which would usually be unequal: when /evomenthy] is replaced by 
ethyl, k} and kg become equal. The measured rate constant for the formation of the 
diastereoisomerides A and B could not register a fast asymmetric transformation A =—— B 
proceeding contemporaneously with slow hemi-acetal formation and for the detection of such 
concealed first-order asymmetric transformation no method exists. 

While it was still possible to regard the ‘‘ asymmetric induction ” hypothesis as tenable, the 
statement (McKenzie and Mitchell, Joc. cit.) that no mutarotation occurred with methanol 
solutions of Jevomenthyl benzoylformate was surprising, but could not be challenged. With 
the acceptance of the hemi-acetal theory it constituted an anomaly necessitating investigation. 
It is now found that solutions of /evomenthyl benzoylformate in ‘‘ commercial absolute ”’ 
methanol do exhibit mutarotation, which is, moreover, even more rapid than is observed with a 
solution of the ester in ethanol of a similar degree of dryness. It is further shown that just as the 
rate of mutarotation shown by ethanol solutions of the ester is greatly increased (Jamison and 
Turner, 1941, Joc. cit.) as complete absence of water is approached, so the apparently “‘ negative ”’ 
result obtained by McKenzie and Mitchell could be explained if their absolute methanol was 
drier than theirethanol. The following results of experiments on drying the solvent support this 

conclusion : 





Methanol. k, X 108, min. Final [a)3%. 
Comsmnancial ** abacbnte ”* 5.ccesecesiccscccccvncnscepccosasescosoncsoscessese 9-6 — 75-3° 
Dried by sodium and methyl phthalate ...............seseeeeeeeeeees 15-7 —73-4 
Dried over calcium oxide and then with magnesium..... ° i 21-6 — 73-3 
Dried over calcium oxide and twice with magnesium ............ 170 —75°3 


It may be noted that unless McKenzie and Mitchell had had occasion to suspect a very fast 
mutarotation with their methanol solutions, they would have taken no special precautions to 
avoid missing it. As can be calculated, the half-life period of our fastest mutarotation with 
methanol solutions is ca. 4 minutes, whereas when ethanol is the solvent the half-life period is 
ca. 4 hours. 

The volume change corresponding to mutarotation with a solution of Jevomenthyl benzoyl- 
formate in commercial absolute methanol has been found to give a rate constant of 
9-9 x 10-* min.—, in good agreement with the figure 9-6 x 10-* min.’ obtained by observing 
the mutarotation. 

The dilatometric method permitted a comparison of the rates of hemi-acetal formation of 
ethyl and /evomenthyl benzoylformates in the two solvents, methanol and ethanol: the 
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following results show that #, ethyl ester/k, Jaevomenthy]l ester is, within experimental limits, 
a constant : 
k, ethyl ester 


Benzoylformate. Solvent. k, X 10, min. &, menthyl ester 
Ethyl] ...ccccccccccccccescccccccescoscovccsoccccsceses MeOH 270 2-7 
JOWOMAMUAGA § .....0ccccccccevescccscavectccscccescess MeOH 99 
TEEGE  cccccacccveccccccpecocescsscccscoccsecsosevseese EtOH 72 2-5 
lgsvoMMenthry! .......cccccccccveccccccccccscccecceses EtOH 29 


In order to illustrate the practicability of the dilatometric method, we show its application 
to a solution of ethyl benzoylformate in methanol; in Fig. 1 two experimental curves, together 
with their logarithmic plots of the Guggenheim type (Phil. Mag., 1926, 2, 538), show the 
first-order nature of the kinetics. 


Fic. 1. 
t ( mins.). 

20 30 40 

| 


I 
“> 6 


rm \. Ir 
YY ask 
- a é B 
s 

N 0-4 
NaN 


Solvent: MeOH 
25°C. >a 
| = 
10 20 30 40 50 60 
é (mins). 





NS 
i 








© 






































The dilatometric method having been established as an alternative to the polarimetric 
method for following hemi-acetal formation, it became possible, with advantage, to study by 
volume changes the combination of ethyl benzoylformate with alcohols of different types. In 
all of the solvents used, the rate of volume change followed the first-order law and it was 
therefore a simple calculation to deduce the initial height (by extrapolation back to zero time) 
and then find the height of the meniscus. The rate coefficients are shown for the sake of 
completeness, but are not strictly comparable between solvents since it is known that the rate 
(but not the extent) of reaction is extremely sensitive to traces of acid or basic catalysts. The 
presence of minute traces of water in an anhydrous-alcoholic solvent may exert a large, and 
therefore uncontrollable, effect on the reaction rate. Some results are set out below : 


Range of muta- 
rotation (/aevo- AV, ml./g.-mol., AV, ml./g.-mol., &, x 104, min.-, 
Solvent. menthyl ester). A{a]?%.,. ethyl ester. menthy] ester. ethyl ester. 

MeOH — 54 to —75° 21° 3-3 3-5 270 
EtOH —54 to —60 8 1-08 1-1 72 
Pr®OH —54 to —6l 7 0-87 — 37 
PriOH — 52 (no change) 0 0-28 — 25 
Bu®0H —53 to —59 6 0-65 — 43 
ButOH —49 0 0 — 0 
EtO-(CH,],-OH 49} (nochange) 0-23 oe 15 
Cl-[CH,],-OH — 63 (no change) 0 0-06 a 23 
Cl-(CH,],-OH — = 0-24 —- 14 
CO,Et-CH,OH -—5l (no change) 0 0-3 _ — 
dextroCitronellol — — 0-57 —- 59 
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The above results clearly show that in traversing the series of alcohols: methyl, ethyl, isopropyl, 
and #ert.-butyl, there is a regular reduction in AV for ethyl benzoylformate. This is paralleled 
by a similar variation in A[{«] for Jevomenthyl benzoylformate over the same range of alcohols. 
It follows, therefore, that the extent of hemi-acetal formation depends strongly on the nature of 
the alcohol, i.e. there is a displacement to the left in the equilibrium 


OH 
Ph—CO—CO,R’ + ROH == Ph O,R’ 
R 


on passing up the series MeOH, EtOH, PriOH, ButOH. The change in AV between methanol 
and ethanol is not maintained for -propanol and this is in contrast to isopropanol. In 
considering the effect of the structure of the alcohol, one may look either to steric effects or to 
electrical effects. The series CH,-X, CH,°CH,*X, (CH;),CH*X and (CH,),C*X is well known 
for the electron polarisations that take place towards the group X. This may well account for 
the shift in the equilibrium position for the above series where X = OH, although the possibility 
cannot be excluded that the increased bulk of the alkyl group reduces the thermodynamic 
stability of the corresponding hemi-acetal. 

The main conclusion would appear to be what is expected, that primary alcohols combine 
more readily than other alcohols with benzoylformic esters. tert.-Butanol, which showed no 
reactivity, is unique among the alcohols examined, in being the least liable to undergo proton 
release by fission of the O—H bond, an essential step in any likely mechanism of non-catalysed 
hemi-acetal formation. In passing from ¢#ert.-butanol through isopropanol and ethanol to 
methanol, there is increasing ease of O—H bond fission, and so the observed increased extent of 
hemi-acetal formation is to be expected. 

With the primary alcohol dextrocitronellol, which might be expected to form hemi-acetals 
fairly readily, an apparently anomalous result was observed using ethyl benzoylformate. 
Dilatometric study showed that with the ethyl ester solution there was an appreciable 
contraction (AV = 0-57 ml./g.-mol; k, = 0-0059 min.-); yet such a solution showed no 
mutarotation. This example, however, is complicated by the fact that the citronelloxyl group 
may make a cancelling contribution to the developing optical rotation of the hemi-acetals. 

Hemi-acetal formation between /evomenthyl benzoylformate and an alcohol should be 
mechanistically bimolecular, as was pointed out by Jamison and Turner (1941, Joc. cit.). 
levoMenthyl benzoylformate dissolves readily in chloroform, the solution not exhibiting 
mutarotation. We have studied the combination of the ester with methanol, present in known 
proportions in admixture with chloroform. It was, however, not practicable to make 
observations with mixtures in which methanol was present in other than a large 
excess in relation to the /evomenthyl ester, and first-order kinetics were thus expected, 
and found. The results are summarised in Figs. 2 and 3. Fig. 2 shows the variation in the 
initial and final specific rotations of the ester with solvent composition, the initial rotations being 
obtained by extrapolation to zero time. It is seen that the rotations are linearly related to 
solvent composition. This is evidently due to a purely dielectric effect. The final rotations 
correspond to the equilibrium mixtures containing unchanged keto-ester and its hemi-acetals ; 
their linear variation with the solvent is due to both the dielectric effect and the solvent- 
composition effect on the equilibrium. Increased methanol concentration is seen to have the 
expected result of displacing the equilibrium in favour of the hemi-acetals: thus there is a 
variation of 14° in the final rotations as compared with only 6° in the initial rotations. 

Fig. 3 illustrates the variation in rate of mutarotation with solvent composition. The 
first-order rate coefficient shows a marked dependence on the methanol concentration. 
Although the relationship is not linear (not to be expected over such a large range of solvent 
variation), it is clear that the methanol is playing a fundamental part in the process. The 
relationship is of the type v = k*[E]-f([MeOH)), where v is the velocity of mutarotation, k is the 
bimolecular-rate coefficient, and [E] is the keto-ester concentration. This is in harmony with 
the concept of a bimolecular reaction between /evomenthyl benzoylformate and methanol and is 
therefore explicable on the slow, hemi-acetal formation hypothesis. 

It was not possible to carry out kinetic experiments with a solvent of less than 25% (v/v) 
methanol, since the extent of mutarotation became too small to measure accurately. The curve 
in Fig. 3 has therefore been extrapolated to zero methanol concentration, where, as is known, the 
rate of mutarotation is zero. The results show, however, that there is an increasing dependence 
of the rate coefficient on the methanol concentration as the latter is increased. The evidence 
lends strong support to the hemi-acetal theory and conflicts with the predictions of the “ induced 
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asymmetry ” hypothesis, since on the latter view addition of a solvent in which mutarotation 
is observed to one in which it is not should decrease, not increase, the rate of mutarotation. 
McKenzie and Mitchell (Biochem. Z., 1930, 224, 242) observed that the mutarotation of an 
ethanol solution of Jevomenthyl benzoylformate was accelerated by aqueous hydrochloric acid 
or by pyridine. It is now found that the rate coefficient (25°) for the mutarotation of /evo- 
menthyl benzoylformate in methanol is very considerably increased in the presence of pyridine : 


Method. k, X 10 mins.". 
Polarimetric 
Dilatometric 
Polarimetric 
2» Dilatometric 


Or 
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With ethanol solutions of Jevomenthyl benzoylformate measurements were made over a 
considerable range of pyridine concentrations, and it is seen from Fig. 4 (top curve) that the 
catalytic effect tends to attain a constant value after a certain concentration is reached. It is 
concluded, therefore, that the catalyst is not the pyridine molecule, but the ethoxide ion, formed 
in the equilibrium : 

C,H,N + EtOH —= C,H,NH + GEt. 


Using « for the ‘‘ degree of ionisation ’’ of the weak base pyridine, in the sense of this equation, 
a~ VK /c, K being the equilibrium constant and ¢ the analytical concentration of pyridine. It 


6 oats 
follows that [OEt] ~ VK .c, so that the catalytic effect, if arising from the ethoxide ion, should 


bear a linear relationship to Vc. That this is indeed so is shown by the lower curve in Fig. 4. 

Catalysis of the mutarotation of methanolic solutions of Jevomenthyl benzoylformate by 
pyridine proceeds on similar lines (Fig. 5). 

We have also made quantitative measurements at 25° of the acid (hydrochloric; sulphuric) 
catalysis of mutarotations of methanol and ethanol solutions of Jevomenthyl benzoylformate. 
It is known that small traces of water cause a marked retardation of the mutarotation rate in 
ethanol, this retardation becoming progressively less marked as the amount of water increases 
and the rate coefficient attaining a constant value after the addition of 0-15% of water (Jamison 
and Turner, 1941, Joc. cit.). It was therefore not desirable to use anhydrous ethanol as a stock 
solvent, but instead, commercial ‘‘ absolute ”’ ethanol which had been once distilled without 
being dried. The rate coefficient in this solvent underwent no perceptible change over the 
period of months during which the various catalytic effects were measured. 

Hydrochloric Acid as Catalyst in Ethanol.—A series of kinetic runs was performed in which 
the hydrochloric acid concentration was varied up to 1-3 x 10-*n. Beyond this the rate 











$174 Glazer and Turner: Mutarotation of 


became too large to measure (half-life about 2 minutes). The results (Fig. 6) show a linear 
relationship of the type k, = k,° + ky® [HCI], where k, is the first-order rate coefficient, k,° is 
the rate coefficient for the solvent only, and fy® is the catalytic constant. 
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The Water-retardation Effect in the Acid-catalysed Reaction in Ethanol.—In view of the 
established water-retardation effect for the non-catalysed reaction in ethanol, a parallel 
investigation was made for the acid-catalysed reaction. The solvent used was 3-8 x 10-‘n- 
HCl/EtOH anid the added water concentration was varied up to 0-75m. It was found that the 
retardation decreased progressively as the water concentration was increased. Moreover, the 
retardation was of the inverse type, i.e. 

k A 
+ 1 + Agyo [H,O) 
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where ,° is the rate coefficient for the solvent (3-8 x 10-‘n-HCl) and ky. is the catalytic 
constant for water in this solvent. The above relationship may be re-written as 


1/k,y = 1/k,° + Rg olH,O)/A,° 


so that a plot of 1/k, against [H,O] should yield a linear relationship the slope of which is equal to 
ky,o/k,° and the intercept of which on the 1/k, axis is equal to 1/k,°. Figure 7 shows this. 
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Acid catalysis of the reaction between Jevomenthyl benzoylformate and methanol has also 
been studied quantitatively. With either hydrochloric or sulphuric acid a linear relationship 
was found between catalytic effect and concentration of catalyst. When acid concentration 
was plotted as a normality, the catalytic constants for hydrochloric and sulphuric acid were 
found to be in the ratio 2: 1, but plotting acid concentrations as a molarity, identical catalytic 


+ 
constants were obtained (Fig. 8). This is to be expected if ROH, is the effective catalyst, the 
second dissociation of sulphuric acid being very small compared with the first. 
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The water-retardation reaction in methanol was examined in 2-6 x 10-*n-HCl/MeOH, the 
added-water concentration being varied up to 0-06m. The effect was found to be strictly 
analogous to that found with ethanol, the rate coefficient tending to a constant value. A plot of 
1/k, against [H,O] showed that the inverse law was operative, i.e. ky = k,°/1 + ky o[H,O], 
where £,° is the rate coefficient for the solvent (2-6 x 10-*n-HCl/MeOH) and kg,o is the catalytic 
constant for water in this solvent (Fig. 9). 
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Water was found to exert no significant retardation on the base-catalysed reaction. 

The intimate mechanisms proposed for hemi-acetal formation are essentially identical with 
those suggested by Bell (Tvans. Faraday Soc., 1941, 37, 716). It should, however, be 
emphasised that the proton denoted below by H® is really the solvated analogue (R®OH,). The 


non-catalysed solvolytic reaction may be due to the one-stage addition of the alcohol to the 
ketone, thus 


O,R’ O,R’ 
Ph—* ' =r — Ph H 
R—O—H R 
ae & 


This mechanism may become the effective one in strictly anhydrous solvents where the possibility 
of a hydrogen bonded complex, acting as an intermediate, cannot be excluded. 


The base-catalysed reaction is believed to involve nucleophilic attack at the polarised 
carbonyl group by the alkoxide ion, 


O,R’ “ O,R 
(x oR peau 
Ph. =O H + OR 


while the acid-catalysed reaction would proceed along the Poot lines : 


f @ 
ak +He®e = re 
f 
O,R’ O,R’ 
OHR R 
® s f 
ges Sis +ROH = Ph H <= Ph H + H® 
s f 
O,R’ O,R’ O,R’ 


It is assumed that the proton transfer reactions are instantaneous, and that the rate-determining 
stages, in each case, are the heterolytic formation and fission of covalent bonds. 

The water retardation for the acid-catalysed reaction, being of the inverse linear type, is 
probably due to its acting as a base towards the solvated proton, thus 


® 
ROH, + H,O = H,0® + ROH, 
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and since the addition of water causes no change in the final equilibrium rotation value, it must 
be supposed that H,O® does not react with the keto-ester, i.e. a displacement to the right 
is completely unproductive and serves only to reduce the concentration of an effective reagent 


~ 

(ROH,). The retardation caused by water in the non-catalysed reaction may be due to interaction 
between the water molecule and the keto-ester, thereby partially preventing the formation of 
the alcohol—ester complex. 


EXPERIMENTAL, 


levoMenthyl benzoylformate was prepared by the method of McKenzie (J., 1904, 1249), crystallised 
from aqueous acetone, and dried in a vacuum over phosphorus pentoxide. 

Ethyl benzoylformate was prepared by distilling a mixture of benzoylformic acid (40 g.), toluene 
(25 c.c.), ethanol (50 c.c.), and concentrated sulphuric acid (3 c.c.). The distillate was dried (potassium 
carbonate), poured back, and the mixture redistilled twice after drying. The mixture was shaken with 
dilute sodium carbonate followed by water, and extracted with toluene. The hydrogen sulphite 
compound was prepared, washed with alcohol, and decomposed by warming with dilute hydrochloric 
acid. The yellow oil thus obtained was extracted with ether, washed, and dried (sodium sulphate) and 
distilled, b. p. 256°/730 mm., yield 29 g. 

The solvents were all redistilled immediately before use, with the already-mentioned exception of 
methanol and ethanol. The dextrocitronellol was a gift from Messrs. A. Boake, Roberts and Co., Ltd. ; 
it was distilled before use (b. p. 216°/745 mm.) and gave the following rotations (no solvent): [a]? 
+5-22°, [a]%o +4:57°. Methanol was distilled once and retained as stock solvent. It was further 
dried by boiling under reflux a mixture of sodium (2 g.), dimethyl phthalate (6 g.), and methanol (100 c.c.) 
for one hour, followed by immediate distillation. Ruocoutions were taken to exclude moisture and the 
methanol was used at once. A more anhydrous solvent was prepared by standing over freshly ignited 
quicklime for three days and then distilling. The distillate (200 c.c.) was allowed to stand for 12 hours 
over pure magnesium (2 g.) and redistilled. This distillate was again allowed to stand over magnesium 
until the metal had dissolved, when the solution was redistilled and used immediately. 

The dilatometer is shown in Fig. 10. The inclusion of a tap results in greater sensitivity combined 
with quicker filling than would otherwise be possible. The dilatometer was filled by placing the end of 
the coarse capi in the reaction solution and applying suction through the fine capillary. eliminary 
blank runs showed that no leaking was detectable when vaseline was used as a tap ubricant. All of the 
kinetic runs were carried out in a precision thermostat (sensitivity + 0-005°) at 25-0°, heated by 
a permanent (60 watt) heater together with an intermittent (100 watt) lamp connected through a 
“ Sun-vic " relay to a toluene regulator. The height of the meniscus was read through a telescope to 
avoid errors due to parallax. 


Fic. 10. 


cae capillary 











The polarimeter tube (2 dcm.) was enclosed in a lagged metal jacket through which thermostat water 
was pumped. All rotations were observed for the mercury green line (A = 5461 a.). Where the accuracy 
was sufficiently high, the Guggenheim method of analysis for first-order kinetics was used; otherwise, 
the rate coefficient was obtained by the normal graphical method. The values of all rate coefficients are 
given in natural logarithms. 

The total volume change undergone by one gram-molecule of the keto-ester during its reaction with 
the alcohol solvent (AV ml./g.-mol.) was derived in the following manner. If we dissolve x g. of the 
keto-ester (molecular weight = M) in y ml. of solution and place z ml. of this solution in a 
dilatometer of that volume (i.e. z ml.), then we observe a change in height h cm. of the capillary 
meniscus. This height A corresponds to a volume change mr*h ml. where ry cm. is the capillary 
radius. This volume change is due to reaction involving *z/My g.-mol. of keto-ester, whence it follows 
am*hMy 

#2 





that the volume change due to reaction involving one g.-mol. of ester (AV) is equal to ml. /g.- 


mol. of ester. 
In all kinetic experiments, whether polarimetric or dilatometric, the reaction solution was 0-1 molar 
with respect to the keto-ester. 


BEDFORD COLLEGE, UNIVERSITY OF LONDON. [Received, August 12th, 1948.] 
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$39. The Cleavage of Sulphonic Esters with Raney Nickel Catalysts. 
By G. W. KENNER and M. A. Murray. 


On treatment with hydrogen and Raney nickel catalysts, alkyl esters of toluene-p-sulphonic 
acid yield the corresponding alcohols, but aryl esters give the aromatic hydrocarbons. Alkyl 
and aryl esters of benzylsulphonic acid are rapidly reduced under the same conditions to the 
hydroxy-compounds, and benzylsulphonanilides to anilines. 


LITTLE information has yet been published concerning the catalytic hydrogenolysis of sulphonic 
esters. Cavallito and Haskell (J. Amer. Chem. Soc., 1944, 66, 1927) observed that the toluene- 
p-sulphonic esters of 2- and 3-hydroxyquinolines and of 3- and 4-hydroxypyridines were reduced 
readily to the toluene-p-sulphonate salts of tetrahydroquinoline and piperidine respectively in 
presence of a palladium catalyst. The hydrogenation of derivatives of arylsulphonic acids to 
arylthiols under drastic conditions with a cobalt sulphide catalyst has been recorded (Lazier and 
Signaigo, U.S.P. 2,402,641). The requirements of another investigation have led us to make a 
brief study of the subject, and the results are recorded below. 

Freudenberg and Brauns (Ber., 1922, 55, 3233) discovered that the toluene-p-sulphonyl 
derivatives of sugars could be split by sodium amalgam into toluene-p-sulphinic acid and the 
parent carbohydrate. This technique has since been widely applied (e.g. Levene and Compton, 
J. Amer. Chem. Soc., 1935, 57, 2306; Reber and Reichstein, Helv. Chim. Acta, 1945, 28, 1164). 
We have found that in certain cases the carbohydrate may also be regenerated from its toluene- 
p-sulphonyl derivative by hydrogenation with Raney-nickel catalysts at room temperature 
and atmospheric pressure. Whether this reaction involves a cleavage to sulphinic acid followed 
by further reduction of this or a preliminary reduction to sulphinic or sulphenic ester followed 
by cleavage we have not determined. As would be expected on either hypothesis 2 mols. of 
hydrogen are absorbed, the absorption occupying 4—2 hours in favourable cases. Sulphur 
is attached to the catalyst, which was previously saturated with sada and the overall 
reaction may therefore be represented as follows : 


(A) R-O-SO,C,H, + Ni,(H), + 2H, —> R-OH + Ni,(S) + C,H, + 2H,O 


To maintain an active surface throughout the reaction it is necessary to use relatively massive 
quantities of nickel, about five times the weight of substance being commonly convenient, and 
large-scale work is thereby restricted. No special advantage seemed to be gained by using the 
highly active ‘“‘ W-6” catalyst of Adkins and Billica (J. Amer. Chem. Soc., 1948, '70, 695), 
although the reduction time was slightly shortened. The desulphurisation method of Mozingo 
et al. (ibid., 1943, 65, 1013), in which an alcoholic solution of the substance is boiled with large 
amounts of nickel but without added hydrogen, may be applied to these hydrogenolyses, but is 
less effective. The p-tosyl derivative of diisopropylidene glucose was not reduced in presence 
of palladium—barium sulphate under the conditions of Mozingo et al. (ibid., 1945, 67, 2092), nor, 
unlike toluene-p-sulphinic acid, was it an effective poison for this catalyst. Apparently cleavage 
of p-tosyl esters does not normally occur on palladium—barium sulphate or on platinic oxide 
catalysts. 

Excellent results were obtained when the process was applied to 6-p-tosyl 1 : 2-3 : 4-diiso- 
propylidene galactose and 3-p-tosyl 1 : 2-5 : 6-diisopropylidene glucose. Since $-penta-acetyl 
glucose and tetra-acetyl 8-phenylglucopyranoside were recovered unchanged after boiling their 
alcoholic solutions with nickel, it was hoped that hydrogenation would offer advantages over 
sodium-amalgam reduction for alkali-labile substances. However, even with carefully washed 
nickel under the mildest possible conditions, 6-p-tosyl 2 : 3: 4-triacetyl B-phenylglucoside gave 
only non-crystalline products, acetylation of which yielded small amounts of 2: 3: 4: 6-tetra- 
acetyl 8-phenylglucoside. Compounds containing free hydroxyl-groups, e.g. 6-p-tosyl and 
5 : 6-di-p-tosyl 1: 2-isopropylidene glucofuranose and 2-p-tosyl a-methylarabinoside, were 
readily converted into sulphur-free materials, but only small quantities of the expected products 
could be separated in a pure state. Vargha, Puskas, and Nagy (J. Amer. Chem. Soc., 1948, 70, 

, 261) have recorded that sodium-amalgam reduction of such compounds may lead to the 
formation of anhydro-sugars, and similar complications may have occurred during 
hydrogenation. 

Simple alkyl toluene-p-sulphonates are much less stable in hydroxylic media than the tosyl 
derivatives of sugars. Their cleavage by hydrogenation is therefore of less interest and may be 
accompanied by hydrolysis. /evoMenthyl toluene-p-sulphonate absorbed hydrogen more 
slowly than the carbohydrate compounds and gave pure /evomenthol in moderate yield. 
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Aryl esters of toluene-p-sulphonic acid show a behaviour quite different from that of alkyl 
esters when their alcoholic solutions are shaken with Raney nickel and hydrogen at atmospheric 
pressure. About $ mol. of hydrogen is absorbed rapidly and the products are the aromatic 
hydrocarbon and nickel toluene-p-sulphonate. 1 Mol. of toluene-p-sulphonic acid would produce 
one atom of hydrogen and therefore the reaction may be represented as : 


This evolution of hydrogen by dissolution of the nickel is to be distinguished from the 
displacement of hydrogen by chemisorption of sulphur. Nevertheless it is not practicable to use 
less nickel than 5 times the weight of substance. This reaction also may be carried out by 
simply boiling an alcoholic solution with Raney nickel. Examples are the formation of methyl 
benzoate, acetanilide, and anisole from the p-tosyl esters of methyl salicylate, o- and 
m-acetamidophenol, and resorcinol monomethyl ether. Since naphthalene is readily reduced 
under these conditions, 8-naphthyl toluene-p-sulphonate absorbs 2-5 mols. of hydrogen yielding 
tetralin, no change in the rate of absorption being observed. The practical characteristics of the 
process render it a useful gentle method for the conversion of phenols into hydrocarbons. These 
reactions of aryl tosylates are analogous to those of heterocyclic compounds observed by 
Cavallito and Haskell (loc. cit.), and also to the reduction of aryl halides. However, a 
palladium-calcium carbonate catalyst, which reduced bromobenzene rapidly, was quite without 
effect on m-methoxyphenyl toluene-p-sulphonate under the same conditions. It may therefore 
be more profitable to regard the reaction as the direct displacement of the tosyl group by a 
hydrogen atom, the homolytic analogue of the acid-catalysed desulphonations of aromatic 
compounds. The hydrogenations described here provide a contrast to the heterolytic reactions 
of tosyl esters with nucleophilic reagents which cause C—O fission in the alkyl series and S-O 
fission in the aryl. Lability of the sulphonyl residue to reduction should favour S—O fission and 
we have therefore studied the hydrogenation of derivatives of benzylsulphonic acid. 

These compounds should provide yet another example of the ready hydrogenolysis of a 
benzyl group linked to an electronegative atom. In accord with this expectation, the alkyl and 
the aryl esters of benzylsulphonic acid consumed hydrogen much more rapidly than the 
corresponding tosyl esters, to the extent of 2 mols., and in all cases the product was the hydroxy- 
compound. The overall reaction is therefore directly comparable to (A) above, although it is 
hardly likely that the intimate mechanism is the same as in the tosyl series. The examples 
described in the experimental section require no special comment. Benzylsulphonyl chloride, 
which is easily prepared from S-benzylthiouronium chloride and which usually forms crystalline 
esters in good yield, is therefore a useful reagent for the protection of hydroxyl groups, analogous 
to the familiar carbobenzyloxychloride. 

In view of the importance of arylsulphonamides for the identification and separation of 
amines, and the difficulty of their hydrolysis to the amines, it was of interest to see whether these 
also could be decomposed by hydrogenolysis. Toluene-p-sulphonamides were found to be 
resistant to hydrogenation, but the’ benzylsulphonanilides readily gave the corresponding 
anilines under mild conditions, 2 mols. of hydrogen being absorbed as in (A) above. The risk of 
alkylation of the product (cf. Winans and Adkins, J. Amer. Chem. Soc., 1932, 54, 306) may be 
avoided by carrying out the reaction in dioxan, but the speed is much reduced. Since benzyl- 
sulphony] chloride has already been suggested as an alternative to tosyl chloride in the Hinsberg 
separation of amines (Marvel and Gillespie, J. Amer. Chem. Soc., 1926, 48, 2943), this process 
may be of some practical value. 


EXPERIMENTAL. 


Aryl toluene-p-sulphonates were prepared by treating the phenol with a slight excess of tosyl chloride 
in pyridine at 100° for 20—30 minutes, and were isolated by pouring the mixture into water, when the 
products are age : Methyl toluene-p-sulphonylsalicylate, prisms from alcohol, m. p. 85—87° (Found : 
C, 58-6; H, 4-85. C,,;H,,0,;S requires C, 58-9; H, 4-6%); m-acetamidophenyl toluene-p-sulphonate, 
needles from alcohol, m. p. 172—173° (Found: C, 58-7; H, 4:85. C,,;H,,O,NS requires C, 59-1; H, 
4-9%,); m-methoxyphenyl toluene-p-sulphonate, from light petroleum (b. p. 60—80°), m. p. 55—57° 
(Found : C, 61-1; H, 5-25. C,,H,,0,S requires C, 60-5; H, 5-0%). 

Methyl er a ee salicylate (1 g.), benzylsulphonyl chloride (Johnson and 
Sprague, J. Amer. Chem. Soc., 1937, 59, 1837) (2-5 g., 2 mols.), and dry ag ye (10 c.c.) were heated for 
1 hour at 100°. The mixture was poured into water (300 c.c.), and 1 hour the solid product was 
collected, and washed with sodium hydroxide and water. Recrystallised from alcohol in needles, it had 
m. p. 83—84° (Found: C, 58-7; H, 4-5. C,;H,,0,S oe C, 58-9; H, 46%). 

3-Benzylsulphonyl 1: 2-5: 6-Diisopropylidene D-Glucose.—1 : 2-5 : 6-Ditsopropylidene D-glucose 


(5 g.), benzylsulphonyl chloride (3-7 g., 1-1 mols.), and dry pyridine (20 c.c.) were mixed and, after 
40 hours, were poured into water (300 c.c.). The product was separated by chloroform extraction but 
could not be crystallised (Found : C, 54-7; H, 6-5. C,gH,,0,S requires C, 55-1; H, 6-3%). 

M2 
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B-6-Benzylsulphonyl 1:2:3: 4-tetra-acetyl pD-Glucose.—B-1: 2:3: 4-Tetra-acetyl p-glucose (Org. 
Synth., 1942, 22, 56) (1 g.) was treated at 0° with benzylsulphonyl chloride (1 g., 1-9 mols.) in dry pyridine 
(5 c.c.). Next day the mixture was poured into water (150 c.c.), and the product collected and 
ra rg ar from alcohol in needles, m. p. 130—131° (Found: C, 50-1; H, 5-05. C,,H,,0,,S requires 

, 50-2; H, 52%). ; 

6-Benzylsulphonyl 1 : 2-3 : 4-diisopropylidene p-Galactose.—A mixture of 1 : 2-3 : 4-diisopropylidene 
p-galactose (Freudenberg, Ber., 1925, 58, 296) (10 g.), benzylsulphonyl chloride (12 g., 1-6 mols.), and 
dry —- (30 c.c.) was left for 7 hours and then poured into water. The product crystallised from 
“ acetate-light petroleum in needles, m. p. 148—149° (Found : C, 55-1; H, 6-6. C,,H,,0,S requires 

, 55:1; H, 6-3%). 

levoMenthyl a a IRE een (9-3 g.) in dry — (30 c.c.) was cooled in ice, and 
benzylsulphonyl chloride (11-5 g., 1 mol.) was added gradually with shaking. After 2 hours the mixture 
was poured into water (400 c.c.), and the product collected and recrystalli from alcohol in needles, 
m. p. 66—67°, [«]}#®° —57-0° +1° (c, 2:8 in chloroform) (Found : C, 65-5; H, 8-1. C,,H,,0,S requires C, 
65-8; H, 8-4%). 

Preparation of Raney Nickel Catalysts —These catalysts were prepared by the modified Mozingo 
method (Org. Synth., 1941, 21, 15; J. Amer. Chem. Soc., 1943, 65, 1013). In some experiments the 
“ W-6 ” catalyst of Adkins and Billica (Joc. cit.) was used. These catalysts were measured by volume, 
the Sane quoted being based on the relationships 3 g. = 5 c.c. for ordinary nickel and 4 g. = 5c.c. 
for td -6 ~“ 


Hydrogenations at NY Pressure and Room Temperature.—These were carried out in ethanol 
solution (120—300 c.c.). en absorption of hydrogen was complete, the catalyst was removed by 
centrifugation and washed thoroughly with alcohol. Isolation of the products was achieved by 
evaporation of the solvent and crystallisation, or, in the case of the aromatic compounds, ether 
extraction combined with aqueous washing to remove nickel toluene-p-sulphonate. Except with the 
benzylsulphonic esters poisoning of the catalyst slows the reaction markedly, and therefore the times 
quoted are not a good indication of the initial reaction velocities. 


Wt. of Mols. 
Wt. catalyst Time of H, 
Substance. (g.). (g.). (hrs.). absorbed. Product. 
Tosyl derivative of : : 
1: 2-5 : 6-Ditsopropylidene 0-5 6 2 2 Ditsopropylidene glucose 
glucose (96%) 
1 : 2-tsoPropylidene glucose : 
tyr 1 6 24 2 tsoPropylidene glucose (39%) 
(5 : 6-Ditosyl) 1 6 24 4 tsoPropylidene glucose (25%) 
2:3: 4-Triacetyl B-phenyl- 0-39 13 1-5 2 Not identified 
glucoside (“ W-6 ’’) 
lavoMenthol 1 6 8 2 levoMenthol (45%) 
Pee en 10 35 12 25 Tetralin (43%) 
ethyl salicylate 1 6 0-03 0-5 Methyl benzoate (as benzoic 
acid, 80%) 
S-Benzylthiouronium toluene- 
p-sulphonate (60%) 
m-Acetamidophenol 1 6 0-5 0-5 Acetanilide (90%) 
’ Aniline 0-5 3 5 1:3. Reaction incomplete 
Benzylsulphonyl derivative of : 
1: 2-5 : 6-Ditsopropylidene 0-6 6 0-25 2 Ditsopropylidene glucose 
glucose (100% 
1: 2-3 : 4-Ditsopropylidene 2 6 0-25 2 Ditsopropylidene galactose 
galactose (95%) (identified as the 
tosyl ester) 
1:2:3: 4-£-Tetra-acetyl 1 6 0-15 2 An oil, from which some B- 
glucose penta-acetyl glucose - was 
obtained on acetylation 
Methy! salicylate 2 6 0-35 2 Methyl salicylate, as salicylic 
acid (567%) 
levoMenthol 2 6 0-35 2 levoMenthol (86%) 
Aniline 10 30 3 2 Aniline, as the toluene-p-sul- 
phonamide (53%) 
N-Ethylaniline 1 6 0-35 2 N-Ethylaniline (44%) as the 


toluene-p-sulphonamide 


Hydrogenations under Mozingo Conditions.—(a) The sulphonic ester (1 g.) was boiled with Raney 
nickel (5 g.) in ethanol (50 c.c.) for 3 hours. Under these conditions the following compounds gave the 
same products as described in the table: the p-tosylates of ditsopropylidene glucose, B-naphthol, methyl 
— ate, and m-acetamidophenol, and the benzylsulphonates of methyl salicylate and ditsopropylidene 
glucose. 

(b) Under similar conditions but with a reaction time of 7 hours, ditsopropylidene galactose (71%) 
was recovered from the corresponding tosylester. The hydrogenolysis of 2-p-tosyl «-L-methylarabinoside 
under the same conditions gave a non-crystalline product, from which a-L-methylarabinoside (30% ) was 
isolated. /evoMenthyl toluene-p-sulphonate, which was incompletely converted after 3 hours’ reaction 
with nickel in cyclohexane, did not yield the required product after 7 hours’ heating. 
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Hydrogenation in Other Solvents.—The hydrogenation of tosyl diisopropylidene glucose could be 
carried out equally well by refluxing with Raney nickel in ether or cyclohexane solution for 3 hours, while 
the fission of m-acetamidopheny]l toluene-p-sulphonate took place smoothly in dioxan solution. under the 
same conditions. 

When the hydrogenation of benzylsulphonanilide at room temperature was carried out in dioxan 
solution, the initial rate of absorption of hydrogen was only a quarter of that observed with similar 
quantities in ethanol, and 4 hours were necessary to complete the reaction instead of 20 minutes, 

Noble-metal Catalysts.—Attempts to hydrogenate gy ditsopropylidene glucose (0-5 g.) with 5% 
palladium—barium sulphate (Mozingo, Org. Synth., 1946, 26, 77) or Adams’s platinic oxide at room 
temperature and pressure and at 70° under 110 atm. were unsuccessful. No hydrogen was absorbed in 
the attempted hydrogenation of m-methoxyphenyl Ga ue dae, (1 g.) with 1% palladium— 
calcium carbonate (Busch and Weber, J. pr. Chem., 1936, 146, 1) (1 g.) in the presence of potassium 
hydroxide (0-5 g.) in alcohol. 


The authors wish to thank Professor A. R. Todd, F.R.S., for his support and encouragement of this 
work, and the Department of Scientific and Industrial Research for a Maintenance Grant to one of 
them (M. A. M.). 
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$40. The Preparation of Halogeno-compounds by a New 
Modification of the Sandmeyer Reaction. 


By HERBERT H. Hopcson and W. H. H. Norris. 


Aryl nitroso-compounds, and in particular p-nitroso- and m-halogeno-p-nitroso-phenols, 
react with hydroxylamine salts in the presence of cuprous salts and the relevant acid with 
replacement of the nitroso-group by halogen. 


FoLLOwING Bamberger’s observation (Ber., 1895, 28, 1218; cf. also O. Fischer, ibid., 1899, 
$2, 247) that free hydroxylamine reacts with nitroso-compounds to give diazo-compounds 
which, however, were not isolated but allowed to couple in situ, one of the present authors 
(Hodgson, J., 1931, 1494) found that 3-chloro-4-nitrosophenol reacted very slowly with 
hydroxylamine hydrochloride but rapidly when a substance was present with which the diazo- 
compound when formed could couple, ¢.g., B-naphthylamine, to form an azo-dye. In con- 
tinuation of the above results, it has now been found that the 3-halogeno-4-nitrosophenols 
react rapidly in dilute hydrochloric or hydrobromic acid suspension with hydroxylamine salts 
at ordinary temperatures in the presence of cuprous salts to form the corresponding dihalogeno- 
phenols; ¢.g., 3-chloro-4-nitrosophenol affords 3: 4-dichlorophenol in at least 70% yield; 
the reaction occurs more sluggishly in the presence of copper bronze. At ordinary temper- 
atures, p-nitrosophenol itself and still more so nitrosobenzene react much less readily than the 
chloro-derivative above, but when the reaction mixtures are heated to ca. 70°, rapid evolution 
of nitrogen begins, and replacement of the nitroso-group takes place. When potassium iodide 
alone is added in the cold instead of the cuprous salts, no reaction occurs even with the 
m-halogeno-p-nitrosophenols, thereby affording evidence in support of the previous observation 
of Hodgson, Birtwell, and Walker (j., 1941, 770) that the reaction of diazonium salts with 
potassium iodide proceeds via the tri-iodide, KI,, and that the reducing effect of the hydroxyl- 
amine salt present is to prevent tri-iodide formation; when heated with excess potassium 
iodide to ca. 70°, however, reaction occurs with liberation of iodine, and formation of an iodo- 
substituted phenol. 

The method now described is therefore useful for the rapid preparation of chloro- and 
bromo-phenols (less so for the iodophenols) otherwise difficult of access, since the direct Sand- 
meyer reaction only gives poor yields with aminophenols. In like manner, p-nitrosodimethyl- 
aniline has been found to afford p-chloro- and p-bromo-dimethylaniline respectively. 


EXPERIMENTAL, 


General Procedure.—The nitroso-compound (1 part) is suspended at room temperature in a solution 
of hydroxylamine hydrochloride or sulphate (equivalent parts) and water (10 parts), and finely powdered 
cuprous chloride (or cuprous bromide) in excess is stirred into the mixture. On addition of hydro- 
pr mr acid (10 parts, d 1-18) (or the corresponding amount of hydrobromic acid, d 1-7), nitrogen is at 
once evolved with the halogenonitrosophenols, but only on heating with the less reactive nitroso- 
compounds. The halogeno-products are then removed either by steam distillation or by solvent 
extraction. The yields of ogenophenols have been determined by bromination to their water- 
insoluble halogenobromophenols. 

Individual Reactions —{a) With cuprous chloride. (i) Nitrosobenzene reacted at 70—80° and afforded 
chlorobenzene in 15—20% yields (several experiments). 
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(ii) p-Nitrosophenol (2-5 g.) reacted at 20°, but more vigorously at 50°, and gave on steam-distillation 
a yield of 61% of p-chlorophenol, determined by conversion into 4-chloro-2 : 6-dibromophenol (3-5 g.), 
whose benzoate crystallised from 25% aqueous alcohol in colourless needles, m. p. 84° (Found : Cl + Br, 
29-4. C,,H,O,CIBr, requires Cl + Br, 29-6%). 

(iii) 3-Chloro-4-nitrosophenol (0-5 g.) reacted at room temperature to give a 74-7% yield of 3 : 4-di- 
chlorophenol, determined as 3 : 4-dichloro-2 : 6-dibromophenol (0-8 g.), m. p. 99° (Found: Cl + Br, 71-7. 
C,H,OCI,Br, requires Cl + Br, 71-9%). 

(iv) 3-Bromo-4-nitrosophenol (0-5 g.) reacted as in (iii) to give ee a rae ay (0-3 g.), which 
crystallised from light petroleum in colourless prisms, m. p. 57° (Found: Cl + Br, 55-4. C,H,OCIBr 
= Cl + Br, 556%). 4-Chloro-2 : 3 : 6-tribromophenol ted from 25% aqueous alcohol in 
colourless needles, m. p. 96° (Found: Cl + Br, 75-1. C,H,OCIBr, requires Cl + Br, 75-4%). 4-Chloro- 
5-bromo-2-nitrophenol, obtained by the action of nitrous acid on 4-chloro-3-bromophenol, separated 
from water in very pale yellow plates, m. p. 70° (Found: Cl + Br, 45-4. C,H,O,NCIBr requires 
Cl + Br, 45-7%), which give a scarlet sodium salt. 

(v) Only a very s amount of 4-chloro-3-iodophenol was obtained from 3-iodo-4-nitrosophenol 
in the steam distillation owing to decomposition of the iodo-compound, but it was identified by con- 
version into the more readily steam-volatile 4-chloro-5-iodo-2-nitrophenol, which separated from water 
in yellow crystals, m. p. 71° (Found: Cl + I, 54-0. C,H,O,NCII requires Cl + I, 542%); the latter 
was brominated to give 4-chloro-2-bromo-3-iodo-6-nitrophenol, which arated from 25% aqueous 
alcohol in yellow crystals, m. p. 102° (Found : Cl + Br + I, 63-8. C,H,O,NCIBrI requires, Cl + Br +I, 


64%). 

(b) With cuprous bromide. p-Nitrosophenol (0-6 g.) gave a yield of 84% of p-bromophenol, deter- 
mined as 2 : 4: 6-tribromophenol (1-4 g.). 

(vii) 3-Chloro-4-nitrosophenol (2-5 g.) was suspended in a solution of hydroxylamine sulphate 
(5 g.), hydrobromic acid (20 c.c., 30%), and water (20 c.c.), and cuprous bromide (5 g.) stirred into 
the mixture. An appreciable evolution of nitrogen occurred at room temperature, which increased 
at 40—50°, and was completed by heating on the water-bath. On steam distillation, 3-chloro-4-bromo- 
phenol over and solidified ; it crystallised from light petroleum in colourless silver plates, m. p. 63° 
(Found: Cl + Br, 55:5. C,H,OCIBr requires Cl + Br, 55-6%), which had a very penetrating phenolic 
odour; it was converted by bromine water into 3-chloro-2 : 4: 6-tribromophenol, which crystallised from 
aqueous alcohol in stout colourless prisms, m. p. and mixed m. P: with a specimen prepared by bromin- 
ation of m-chlorophenol, 130° (Found: Cl + Br, 75-1. C,H,OCIBr, requires Cl + Br, 75-4%). Nitrous 
acid converted 3-chloro-4-bromophenol into 5-chloro-4-bromo-2-nitrophenol, which was volatile in steam 
and crystallised from 25% aqueous alcohol in pale yellow plates, m. p. 68° (Found: Cl + Br, 45-5. 
C,H,O,NCIBr requires Cl + Br, 45-7%), and gave a red sodium salt; on bromination, it yielded 3-chloro- 
2 : 4-dibromo-6-nttrophenol, which crystallised from methanol in pale yellow hexagonal prisms, m. p. 147° 
(Found: Cl + Br, 58-7. C,H,O,NCIBr, requires Cl + Br, 59-0%). 

(viii) With details as for (vii), 3-bromo-4-nitrosophenol gave 3: 4-dibromophenol, which crystallised 
from carbon tetrachloride in colourless prisms, m. p. 80° (Hodgson and Walker, J., 1933, 1054, give 
m. p. 80°; Schiff, Monatsh., 1890, 11, 347, gives m. p. 79—80°) (Found: Br, 63-2. Calc. for C,H,OBr,: 
Br, 63-5%); it was brominated to give 2: 3: 4: 6-tetrabromophenol, m. p. 113° (Found: ‘Br. 77-7. 
Calc. for C,H,OBr,: Br, 78-0%). 

(c) With otassium iodide. (ix) By the general mye using hydroxylamine sulphate and 
potassium iodide in place of cuprous salts, p-nitrosophenol afforded a small amount of p-iodophenol 
which was identified by bromination of the steam distillate to give 2: 6-dibromo-4-iodophenol, which 
separated from light petroleum in needles, m. p. 105° (King and McCombie, J., 1913, 108, 221, give 
m. p. 105°). 

(x) With details as for (vii), except that excess potassium iodide was added in place of cuprous 
bromide, and by heating to 70—80°, much iodine was liberated and passed over in the subsequent 
steam distillation together with a small amount of 3-chloro-4-iodophenol ; this was purified by digestion 
with aqueous sodium a sulphite; it then crystallised from light petroleum in almost colourless 
plates, m. p. 40° (Found: Cl + I, 63-5. C,H,OCII requires Cl + I, 63-8%). Treatment of the com- 
pound with bromine gave 3-chloro-2: 6-dibromo-4-iodophenol, which separated from 25% aqueous 
alcohol in crystals, m. p. 94° (Found: Cl + Br + I, 77-9. C,H,OCIBr,I requires Cl + Br + I, 78-2%). 


The authors thank Imperial Chemical Industries Limited (Dyestuffs Division) for gifts of chemicals. 
TECHNICAL CoLLEGE, HUDDERSFIELD. (Received, September 2nd, 1948.] 





S41. Pear Cell-wall Cellulose. 


By E. L. Hirst, F. A. IsHERwoop, M. A. JERMYN, and J. K. N. Jongs. 


A cellulose isolated from pear cell wall has been shown to be identical with cotton cellulose. 
Hydrolysis with 72% sulphuric acid gave only p-glucose. Methylation in nitrogen gave a 
trimethyl derivative which on hydrolysis gave 2: 3 : 6-trimethyl p-glucose (90% of theory) 
and 0-6% of 2:3: 4:6-tetramethyl p-glucose. This corresponded to a chain length of 
160 units. The chain length of the native cellulose was probably much longer because the 
drastic purification necessary to remove the other polysaccharides undoubtedly caused some 
degradation. 


THE structure of the cellulose of fruit cell walls is usually regarded as being identical with that of 


cotton cellulose, though the evidence for this belief is mainly based on analogy with other 
celluloses, such as the tunicin prepared from Phallusia mammilaris (Zechmeister and Toth, 
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Z. physiol. Chem., 1933, 215, 267) and certain bacterial celluloses (Barsha and Hibbert, Canadian 
J. Res., 1934, 10, 170) which have been examined in some detail, and are believed to be similar in 
structure to cotton cellulose. This analogy is weakened by the fact that these celluloses can be 
obtained in a relatively pure condition without much chemical treatment, whereas the cellulose 
from fruit cell walls is very closely associated with xylan and lignin which has given rise in the 
past to the suggestion that the cellulose might contain xylose units as part of the molecule. 

In the present study, a pure polyglucose (cellulose) was prepared from pear cell wall, and its 
structure examined in detail. The isolation was difficult because it was closely associated with 
lignin in addition to xylan, mannan, and galactan. Lignin was removed by repeated treatments 
of the cell wall with a 1-0% aqueous solution of sodium hypochlorite followed by extraction with 
a hot 5% aqueous solution of sodium hydrogen sulphite (Norman and Jenkins, Biochem. J., 
1933, 27, 818). The xylan and other polysaccharides were separated from the cellulose by 
dissolving the residue in phosphoric acid (d 1-75) and then pouring into three volumes of water. 
The precipitate of regenerated cellulose was almost pure. The last traces of lignin were removed 
by a single mild treatment with sodium hypochlorite (Norman and Jenkins, /oc. cit.), and traces 
of non-cellulosic polysaccharides by extraction with cold 4% aqueous sodium hydroxide. 

By dispersing the crude cellulose in phosphoric acid the hydrogen bonds which are responsible 
for the close association of the xylan and cellulose are broken, making it possible to prepare 
a cellulose which is free from pentose. 

A comparison of the properties of the pear cell-wall cellulose with those of cotton cellulose is 
given in the table. 

Pear cell-wall 
Property. cellulose. Cotton cellulose. Reference. 
Yield of p-glucose after hydrolysis with 86 92 1 
72% H,SO, (% theory) 
[«]2859 (in cuprammonium) —1000° —1200° 2 
Chain length, estimated from viscosity 240 1030 3 
of a solution in cuprammonium (for regenerated cellulose prepared 


in the same manner as pear cell- 
wall cellulose, 220) 


Copper number 1-33 


0-37 
(for regenerated cellulose, 2-0) 





After methylation in nitrogen to the trimethyl deri 
[a}?%° (in chloroform) —7° —10° 
Yield of 2:3:4:6-tetramethyl p- 0-6% (when prepared from the triacetate 
glucose on hydrolysis with 1-5n-HCl Chain the trimethyl derivative gave 0-5% 
in 50% acetic aci length, 160 of 2:3: 4: 6-tetramethyl p-glu- 
cose. Chain length, 200) 
Chain length estimated from viscosity 500 (Values up to 6000 have been 
in m-cresol recorded) 


1 Monier-Williams, J., 1921, 119, 803. 2 Reeves, J. Biol. Chem., 1944, 154, 49. * Stau- 
dinger and Reinecke, Papier Fabrikant, 1938, 36, 489. * Heyes, J. Soc. Chem. Ind., 1928, 47, 
901. 5 Haworth, Hirst, and Thomas, ge 1931, 825. * Haworth, Montonna, and Peat, /., 
1939, 1899. 7 Haworth, Hirst, Owen, Peat, and Averill, J., 1939, 1885. 


In the native state, it is probable that the molecular size of the pear cell-wall cellulose is very 
similar to that of cotton cellulose. The treatment necessary to isolate the pear cell-wall 
cellulose in a pure state almost certainly causes considerable degradation (cf. van Ekenstein, 
Ber., 1936, 69, 549). The presence of an end group suggests that this cellulose has been modified 
in much the same manner as is cotton cellulose during acetylation (cf. Haworth et al., loc. cit.). 


EXPERIMENTAL. 


Preparation of Crude Cell-wall Material——Unripe pears (variety ‘‘ Conference’) (10 kg.) obtained 
from the Research Station, East Malling, in 1936 were peeled, cored, and then frozen at —20°. The 
frozen pears were ground to a flour, and the flour stored at — 20° until required. The flour (5-5 kg.) at 
—20° was added slowly to boiling ethyl alcohol (20 1.) and the mixture heated under reflux for ? hour. 
A large galvanised iron dust-bin was used as the extraction vessel, the inverted lid being used as the 
reflux condenser. The residue was filtered off and then again heated under reflux with ethyl alcohol for 
2 hours to remove traces of sugar. The insoluble residue was filtered off, washed twice with ethyl 
alcohol, and then dried ina vacuum. Yield 160g. (Found : lignin, 18-5%). 

Preparation of the Crude Cellulose.—The cell-wall material (200 g.) was extracted with boiling aqueous 
ammonium oxalate (0-5% ; 41.) for 12 hours. The insoluble residue was filtered off, and the treatment 
repeated. The yield of ge material was 134 g. (Found : lignin, 27-6; ash, 0-4%). 

The depectinated cell wall (120 g.) was delignified by treatment with sodium hypochlorite following 
the procedure described by Norman and Jenkins (/oc. cit.). Six treatments removed most of the lignin 
originally present. The residue was washed with distilled water, ethyl alcohol, and ether, and then dried 
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in a vacuum. Yield, 68-5 g. of a white fibrous material [Found : lignin, 0-2; pentose (calculated as 
xylan), 32%. Traces of mannan and galactan were also present]. " 

Purification of the Crude Cellulose—The crude cellulose (30 g.) was dissolved in phosphoric acid 
(2 1-75; 600 ml.). The mixture was stirred for 48 hours, and the temperature not allowed to rise above 
15°. Moisture was carefully excluded. The solution was then centrifuged to remove a small amount of 
undissolved material, and the clear brown liquid was poured into 3 volumes of water. The undissolved 
residue consisted of highly lignified stone cells from the original cell wall. The cellulose settled down as a 
flocculent precipitate. The precipitate was separated from the supernatant liquid centrifugally, and 
then washed with water until no longer acid to methyl-orange. It was finally washed with ethyl alcohol 
and ether, and dried in a vacuum at 100°. Yield, 7-5 g. of a white powder [Found : lignin, 0-2; pentose 
(calculated as xylan), 3%]. The small amount of lignin which still remained was removed by a single 
very mild treatment with sodium h hlorite. The residue was then stirred for 12 hours with aqueous 
sodium hydroxide (5%; 100 ml.), filtered, and washed with 10% aqueous acetic acid until free from 
sodium salts. It was washed with distilled water, ethyl alcohol, and ether, and dried in a vacuum at 
100°. Yield, 5-5 g. of a white powder [Found : lignin, negligible; pentose (calculated as xylan), <0-3; 
phosphorus (calculated as P), 03%]. The naphtharesorcinol test for uronic acids was negative; 
[a] 2959 —1000° (c, 0-5 in cuprammonium). When hydrolysed with 72% sulphuric acid, the cellulose gave 
crystalline p-glucose (yield 86% of the theoretical). This was acetylated; the m. p. of the resulting 
penta-acetate was 113°, alone or mixed with authentic f-glucose penta-acetate. No trace of mannose or 
nea could be detected in the mother-liquor. The yield of p-glucose from cotton cellulose, 

ydrolysed under similar conditions, was 92%. 

The chain length of the cellulose was estimated from the viscosity of a solution in cuprammonium. 
The copper number was determined using Heyes’s (Joc. cit.) micro-method. The values obtained for the 
pear cell-wall cellulose and for cotton cellulose are as follows : 

Chain length 
Copper (anhydroglucose 
Cellulose. number. units). 
Untreated cotton wool , 1030 
Regenerated cellulose from cotton wool, prepared in the same manner 
as the regenerated cellulose from pear cell wall 2- 220 
Regenerated cellulose from pear cell wall 240 


Methylation.—The pear cell-wall cellulose (10 g.) was methylated in an atmosphere of nitrogen. 
After 6 methylations the product was filtered off, washed with boiling water, and dissolved in chloroform 
(500 ml.) containing ethyl alcohol (100 ml.). The yellow viscous solution was filtered through a sintered- 
glass filter, and the methylated cellulose a from solution by the addition of light petroleum 


(b. p..40—60°). The resultant cream powder (9-8 g.) (Found: OMe, 43-6%) was dissolved in 
chloroform, and then reprecipitated by the cautious addition of light petroleum (b. p. 40—60°) so as to 
give several precipitates in succession. Each of these precipitates was examined in detail. They were 
all similar in physical properties, and the methylated cellulose was therefore homogeneous. It was 
insoluble in acetone, but was soluble in ice-cold water, glacial acetic acid, and in alcoholic chloroform. 
[«]?#°—7° (c, 0-78 in chloroform containing 10% ethyl alcohol), 43% = 1-98 (c, 0-4 in m-cresol) 
corresponding to a chain length of 500 units using Staudinger’s formula with Km 1 x 10°%. 

Hydrolysis of the Methylated Cellulose.—Methylated cellulose (8-1 g.) was-dissolved in a mixture of 
equal volumes of glacial acetic acid and 3n-hydrochloric acid (80 ml.), and the solution heated on the 
steam-bath. [a]p rose to +71° in 44 hours. The hydrochloric acid was neutralised with barium 
carbonate, and the solution concentrated to a syrup at 40° under reduced pressure. The syrup was 
dissolved in water (50 ml.), and the solution exhaustively extracted with ether in a continuous extraction 
apparatus. Concentration of the extracts gave a syrup (8-2 g.), which crystallised. The crystals were 
separated on a porous tile, and were purified by recrystallisation from acetone-ether-light petroleum 
(b. p. 40—60°). Yield, 5-9 g. The syrup obtained on concentrating the mother-liquors was added to 
the syrup obtained by exhaustive extraction of the porous tile. This syrup (2-2 g.) crystallised on 
keeping. The crystals were separated on a porous tile, and the crystalline sugar twice recrystallised 
from the same solvent. The crystalline sugar proved to be 2 : 3 : 6-trimethyl p-glucose, having m. p. 92° 
alone, or mixed with authentic material; [a]j” +70° (in water at equilibrium). After the crystals had 
been removed, a syrup remained (0-3 g.) which was dissolved in water (50 ml.), and the aqueous solution 
extracted exhaustively with light petroleum (b. p. 40—60°). Concentration of the extracts yielded a 
syrupy mixture of 2 : 3: 6-trimethyl and 2 : 3 : 4: 6-tetramethy! p-glucose (0-13 g.) which was dissolved 
in as small a quantity of water as possible. 0-25m-Sodium metaperiodate was added, and the solution 
left overnight at room temperature. The amount of sodium metaperiodate added was about twice that 
necessary to destroy the 2:3: 6-trimethyl derivative; the 2:3:4:6-tetramethyl p-glucose was 
unaffected. Oxidation products and 2: 3: 4: 6-tetramethyl D-glucose were extracted from the solution 
with chloroform, and the syrup (0-08 g.), obtained on concentration of the extracts, was boiled with 
methyl-alcoholic hydrogen chloride (25 ml.; 1% w/v) under reflux for 6 hours. The cooled solution 
was neutralised with silver carbonate, filtered, and concentrated. The residual syrup (0-06 g.), 3° 
1-4438, was distilled under reduced pressure to give a syrup (0-05 g.), nf” 1-4430 (Found : OMe, 61-0%). 
This material (0-03 g.), after hydrolysis with boiling n-sulphuric acid, gave crystalline 2: 3: 4 : 6-tetra- 
methyl p-glucose in good yield, m. p. 87° alone, or mixed with authentic material. The anilide had 
m. p. 136°. This yield of tetramethyl glucose indicates an average chain length of 160 glucose residues in 
the cellulose molecule. 


The work described in this paper was carried out as part of the programme of the Food Investigation 
Organisation of the Department of Scientific and Industrial Research. 
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$42. The Synthesis of Thyroxine and Related Substances. Part I. 
The Preparation of Tyrosine and Some of its Derivatives, and a New 
Route to Thyroxine. 


By E. T. Borrows, J. C. Crayton, and B. A. HEms. 


A new synthesis of tyrosine has been devised. The iodination of this amino-acid and the 
attempted iodination of thyronine and related diphenyl ethers are described and discussed. 
Contrary to a previous report, it has been found possible to tetrazotise 2 : 6-diaminodiphenyl 
ethers and to replace the diazo-groups by iodine atoms. This reaction is used to develop an 
alternative synthesis of thyroxine. 


MeEtuHops for the isolation and synthesis of thyroxine, the active principle of the thyroid gland, 
are already available (Kendall, J. Biol. Chem., 1919, 39, 125; Harington, Biochem. J., 1926, 
20, 293, 300; Harington and Barger, ibid., 1927, 21, 169; Savitzkii, Med. Expil., Ukraine, 
1934, No. 1, 39), but use of the substance has never become widespread although it is known 
to be highly active physiologically. This is partly because of the difficulties attached to its 
synthesis and partly because its relative insolubility, even in the form of its alkali-metal salts, 
was held to cause erratic absorption, with consequent unreliability of action. Although several 
derivatives of thyroxine have been prepared, and some shown to be capable of exerting full 
activity (Gaddum, J. Physiol., 1927, 64, 246; 1930, 68, 383), they are no more soluble. 

The work reported in the papers of this series was initiated to devise improved methods 
for preparing thyroxine and in an attempt to obtain water-soluble derivatives that would 
have reliable clinical activity. It was also hoped, if suitable methods were found, to synthesise 
analogues of thyroxine, some of which might show antithyroid activity. Several analogues 
have already been synthesised (Schuegraf, Helv. Chim. Acta, 1929, 12, 405; Ungnade, J. Amer. 
Chem. Soc., 1941, 68, 2091; Niemann e¢ al., ibid., 1941, 68, 1549, 2204, 2685; 1944, 66, 1870; 
Block and Powell, ibid., 1942, 64, 1070), but these have been tested only for thyroxine activity. 

For our investigations the preparation of tyrosine and several of its derivatives was of 
importance and a considerable amount of work has been carried out on existing methods and 
their modifications. In addition to its isolation from natural sources tyrosine has previously 
been prepared by several different procedures, principally the condensation of hippuric acid 
or hydantoin with anisaldehyde or p-hydroxybenzaldehyde. The use of the latter has the 
advantage of making subsequent demethylation unnecessary but it gives poor yields in the 
azlactone synthesis (Erlenmeyer and Halsey, Ber., 1897, 30, 2981; Amnalen, 1899, 207, 138; 
Fischer, Ber., 1899, 32, 3638) and better results are obtained by condensation with hydantoin 
in the presence of basic catalysts followed by reduction of the p-hydroxybenzylidenehydantoin 
(I) so formed. Boyd and Robson (Biochem. J., 1935, 29, 542, 546) used diethylamine or piper- 
idine as catalysts in the preparation of (I), followed by reduction of (I) to (II) with ammonium 
sulphide solution. It has now been found that morpholine is a very convenient catalyst for 
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the condensation, enabling the reaction to be carried out at normal pressures at 160° with a 
good yield. In the absence of solvent, the reaction mixture becomes a hard cake. The use 
of excess of other bases as diluents results in a reduction in yield, but glycerol is found to give 
satisfactory results. Although both (I) and (II) are sparingly soluble in alcohol, (I) is reduced 
almost quantitatively in this solvent in the presence of Raney nickel catalyst at 130° under 60 
atmospheres of hydrogen, the insoluble product being separated from the catalyst by dissolution 
in aqueous sodium hydroxide. The hydrolysis of (II) proceeds normally to give tyrosine in 
an overall yield of 55%. 

For several approaches to thyroxine, one of the most important derivatives of tyrosine is 
the di-iodo-compound. A number of methods are available for its preparation, all involving 
iodination in aqueous alkaline solutions (Wheeler and Jamieson, Amer. Chem. J., 1905, 38, 
365; Bauer and Strauss, Ber., 1935, 68, 1108; Savitzkii, J. Gen. Chem. Russia, 1939, 9, 
1342). We have examined all these procedures in some detail but none was found to 
give a satisfactory yield of clean product, and we obtained much the best results by iodinating 
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tyrosine in hot dilute hydrochloric acid with a solution of iodine monochloride in concentrated 
hydrochloric acid. This method has given di-iodotyrosine consistently in 86% yield and of 
excellent quality. [The use of iodine monochloride in acetic acid (Block and Powell, J. Amer. 
Chem. Soc., 1943, 65, 1430) only came to our notice after our own work had been completed.) 

The methods of preparation of thyroxine may be conveniently divided into two categories : 
(a) oxidation or incubation of di-iodotyrosine, its derivatives, or proteins containing di-iodo- 
tyrosine (Harington, Pedler Lecture, J., 1944, 193), and (b) chemical synthesis, of which there 
is still no alternative to the classical method devised by Harington and Barger (Joc. cit.). Both 
have received attention, and for the present we are mainly reporting progress on section (5). 

An additional approach involving the direct iodination of thyronine (deiodothyroxine) and 
other p-hydroxydiphenyl ethers was examined by Harington and Barger (loc. cit.), who found 
that these compounds would take up only two atoms of iodine, yielding products which were 
very difficult to purify. 3’: 5’- and 2’: 6’-Di-iodothyronine have been shown to be resistant 
to further iodination (Block and Powell, J. Amer. Chem. Soc., 1942, 64, 1070; Niemann and 
McCasland, ibid., 1944, 66, 1870), and it is of interest that the former, which could arise from 
the iodination of thyronine, tends to lose iodine on warming in the solid state or in neutral 
solution. During a thorough re-examination of this problem we have been unable to isolate 
any products containing iodine from thyronine, though of the intermediates used in its synthesis 
some containing a methoxyl rather than a free hydroxyl group underwent iodination to a 
limited extent. 

Thyronine, prepared by the method of Harington and Pitt Rivers (jJ., 1940, 1101), was 
caused to react with iodine in dilute sodium hydroxide solutions, with iodide and iodate mix- 
tures in dilute sulphuric acid solutions, and with iodine in 15% oleum at 120°. The products 
obtained from these reactions were invariably amorphous solids or gums and no pure materials 
could be isolated. It was thought that one possible explanation might be the oxidative nature 
of the reagents employed, and a number of experiments were carried out with iodine mono- 
chloride in aqueous hydrochloric and acetic acid solutions under various temperatures and 
conditions; again only intractable solids were obtained and from them no pure materials 
could be isolated. Since it is known that benzoylhistidine, histidine anhydride, and tyrosine 
amide can be iodinated under conditions that leave the parent amino-acids unaffected (Bauer 
and Strauss, Ber., 1935, 68, 1108), similar experiments were carried out on thyronine methyl 
ester and its N-toluene-p-sulphony] derivative. The former underwent extensive decomposition 
on treatment with iodine or iodine monochloride in acid solution, and in alkaline solution 
yielded a high-melting unidentified material containing neither iodine nor nitrogen, showing 
that oxidative destruction of the side chain had taken place. The N-toluene-p-sulphonyl 
ester was moge stable and was recovered unchanged after experiments at room temperature, 
but it also yielded intractable material at higher temperatures. Finally, a number of experi- 
ments were carried out, with iodine monochloride in acetic acid, on intermediates (III—VI) 
obtained during the preparation of thyronine. 


R-CO,Et R-CO-NH-NH, R-CO-NH-NH‘SO,C,H,Me() R-CHO 
(III.) (IV.) (V.) (VI.) 


Pome pog >) 


Products obtained from (IV) and (V) had usually suffered degradation and contained neither 
halogen nor nitrogen, and only the parent carboxylic acid was identified among the reaction 
products. Both (III) and (VI), however, yielded crystalline products containing iodine, and 
giving satisfactory analyses for derivatives containing one iodine atom. The product from 
(VI) was isolated and analysed as a dinitrophenylhydrazone. The introduction of one iodine 
atom represented the most that could be achieved, and more vigorous reaction conditions led 
to no greater degree of substitution. 

All attempts to di-iodinate diphenyl ethers having failed, attention was directed to the 
alternative of synthesising diphenyl ethers in which the 2 : 6-positions were already occupied 
by iodine or by other groups that could be converted subsequently into iodine. It had been 
already recognised that dinitrophenols in general (Raiford and Colbert, J. Amer. Chem. Soc., 
1926, 48, 2652) do not react with aryl halides. Similarly, 2 : 6-di-iodophenols such as 3 : 5-di- 
iodo-4-hydroxybenzoic acid (Harington and Barger, Joc. cit.) and 3: 5-di-iodotyrosine (Can- 
zanelli, Harington, and Randall, Biochem. J., 1934, 28, 68) will not form diphenyl ethers, an 
observation we have confirmed for the reaction of 3 : 5-di-iodo-4-hydroxybenzaldehyde with 
p-iodonitrobenzene or p-bromoanisole. However, the preparation of diphenyl ethers from 
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3: 4: 5-tri-iodonitrobenzene and quinol monomethyl ether or N-benzoyltyrosine ethyl ester 
(Harington and Barger, loc. cit.; Canzanelli, Harington, and Randall, Joc. cit.) proceed normally. 
An attempt to simplify the present thyroxine synthesis by condensing 4-chloro-3 : 5-di-iodo- 
benzoic acid or its methyl ester with quinol or quinol monomethyl ether failed under a large 
variety of conditions. This indicated that an activating group such as nitro- at the p-position 
is essential for successful reaction of a tri-iodo-component. 

It is well known that aromatic halogen compounds in which the halogen is activated by 
nitro-groups in the o- and p-positions will readily undergo ether formation with either alcohols 
or phenols. The application of this principle to a thyroxine synthesis was questionable 
because of the reported failure (Harington and Barger, Joc. cit.) to convert the 3 : 5-diamino- 
diphenyl ether (VIII; R = Me), prepared by reduction of the corresponding dinitro-com- 
pound, into the 2: 6-di-iododiphenyl ether (IX; R = Me) by tetrazotisation and treatment 
with iodide solutions. Although these compounds were obtained, their preparation and 
properties were not recorded, and this has now been done in the experimental section of this 
paper. We have re-examined this issue, employing anhydrous conditions for the tetrazotisation. 

Condensation of 4-bromo-3: 5-dinitrotoluene with quinol monomethyl ether gave the 
dinitrodiphenyl ether (VII; R = Me), which could be reduced catalytically to an unstable 
diamine (VIII; R = Me), characterisable as a stable dihydrochloride. When a solution of this 
diamine (VIII; R = Me) in glacial acetic acid was run into a cold, stirred solution of nitrosyl- 
sulphuric acid in concentrated sulphuric acid (cf. Hodgson and Walker, J., 1935, 530), a solution 
of the tetrazonium salt was obtained: this on decomposition by aqueous potassium iodide 
solution yielded the required di-iodo-compound, 2 : 6-di-iodo-4'-methoxy-4-methyldiphenyl ether 
[3 : 5-di-iodo-4-(4’-methoxyphenoxy)toluene] (IX; R = = 


NO, 
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Similarly, methyl 4-chloro-3 : 5-dinitrobenzoate, on condensation with quinol monomethyl 
ether in the presence of potassium hydroxide at 150°, yielded methyl] 3 : 5-dinitro-4-(4’-methoxy- 
phenoxy)benzoate (VII; R = CO,Me) in good yield, though the use of excess alkali in the 
condensation led to the formation of 3 : 5-dinitro-4-hydroxybenzoic acid as the main product 
of the reaction, presumably by fission of the diphenyl ether first formed; the same material 
was obtained by the aqueous alkaline hydrolysis of (VII; R = CO,Me). Acid hydrolysis, 
however, gave the free acid (VII; R = CO,H) without disruption of the ether bond. The 
ester (VII; R = CO,Me) could be reduced to (VIII; R = CO,Me) by tin and hydrochloric 
acid, active iron, or preferably catalytic hydrogenation with the aid of palladised charcoal, 
and the diamine (VIII; R = CO,Me) was further characterised by the preparation of diacetyl 
and dibenzoyl derivatives. Tetrazotisation of this diamine by the above technique yielded 
the new di-iododiphenyl ether (IX; R = CO,Me). It was established therefore that two 2: 6- 
dinitrodiphenyl ethers substituted in the 4-position by different groups, namely, methyl and 
carbomethoxy-, could be converted into the corresponding di-iodo-compounds by reduction 
and tetrazotisation, provided the latter reaction was carried out under substantially anhydrous 
conditions. It may be mentioned that the use of the more usual aqueous conditions of diazo- 
tisation failed to give the iodo-compounds after treatment with iodides. 

Conversion of (IX; R = CO,Me) into (IX; R = CHO) was attempted by three procedures. 
Rosenmund reductions of (VII; R=COCI) and (IX; R =COCl) in refluxing toluene in 
presence of palladised charcoal or platinum oxide with a stream of hydrogen, and thiourea as 
inhibitor (Weygand and Meusel, Ber., 1943, 76, 503), proved slow and failed to go to completion. 
Aldehyde derivatives could not be obtained from the mixtures of products obtained, nor could 
any pure reaction product be isolated. Although no tractable material resulted when (VII; 
R = CO,H) or 4-chloro-3 : 5-dinitrobenzoic acid was treated with formic acid and titanium 
oxide at 250° according to the method developed by Davies and Hodgson (J., 1943, 84), (IX; 
R = CO,H) was recovered largely unchanged. The aldehyde (IX; R = CHO) was, however, 
obtained as its dinitrophenylhydrazone from the toluene-p-sulphonyl derivative of 3 : 5-di-iodo- 
4-(4’-methoxyphenoxy)benzhydrazide [IX; R = CO*NH*NH’SO,°C,H,Me(p)] by reaction with 
sodium carbonate in ethylene glycol (cf. McFadyen and Stevens, J., 1936, 584). The toluene- 
sulphonhydrazide was prepared by the usual methods from (IX; R = CO,Me), but its decom- 
position to the aldehyde was difficult, as the conditions of the reaction were critical and any 
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increase in the time of heating over 30 seconds resulted in a fall in yield. At best, the aldehyde 
was obtained in 35% yield in the form of its dinitrophenylhydrazone, but the free aldehyde 
was not isolated. By treating the crude reaction mixture with hippuric acid, acetic anhydride, 
and sodium acetate in the usual way, a substance was obtained identical in melting point and 
other properties with the oxazalone (IX; R = -CH:CM—CO) obtained by Harington and 
Barger in their synthesis of thyroxine. ae: 


NZ 
CPh 


Thus a new synthesis of thyroxine involving a 2: 6-dinitrodiphenyl ether as an intermediate 
has been achieved and could be employed instead of the existing method. 


EXPERIMENTAL. 


5-(4’-Hydroxybenzylidene)hydantoin (I).—To an intimate mixture of hydantoin (500 g.) sae Otaee- 
oxybenzaldehyde (750 g.) in a 5-litre round-bottom flask, glycerol (1 1.) and morpholine (180 ml.) were 
added. The flask was fitted with an air condenser and heated for 3} hours at 160°. The reaction 
mixture formed a deep red solution as the temperature rose, and a small quantity of liquid refluxed. 
After 15 mins.’ refluxing solid began to separate. On completion of the heating period the flask was 
cooled and ethyl alcohol (1 1.) was added. The solid was removed by filtration, washed with alcohol, 
and dried at 100°; yield 820 g. (80%); m. p. 308° (lit. 315°). 

5-(4’-Hydroxybenzyl)hydantoin (I1).—The above hydantoin (100 g.) was suspended in alcohol (350 ml.) 
with Raney nickel catalyst (9 g.). The mixture was then hydrogenated at 50 atm. pressure of hydrogen 
until absorption ceased. This took about 5 hours at 130°. After cooling, the product and catalyst 
were filtered off. The filtrate was evaporated to dryness in a vacuum and the two solid fractions were 
combined and extracted with 2Nn-sodium hydroxide solution (700 ml.). The solution was filtered 
through kieselguhr to remove suspended solid, and the filtrate after dilution with water (400 ml.) was 
neutralised with concentrated hydrochloric acid, with cooling. The precipitate was filtered off, washed 
with water, and dried at 80°; yield 95 g. (94%), m. p. 259° (lit. 258—260°) 

DL-Tyrosine.—The reduced hydantoin (258 g.) was hydrolysed with 2n-sodium hydroxide solution 
(2-6 1.) by refluxing for 24 hours. The hot solution was filtered from a small quantity of insoluble 
material, diluted with water (500 ml.), and neutralised with concentrated hydrochloric acid (about 
250 ml.) and acetic acid (100 ml.). The pH of the solution should be about 7-4. After standing for 
some time in the refrigerator the tyrosine was filtered off, washed with cold water and alcohol, and 
dried at 60°; yield 192 g. (84%), m. p. 320—322° (lit. 316°). 

DL-3 : 5-D1-iodotyrosine.—DL-Tyrosine (62 g.) was stirred with 2n-hydrochloric acid (186 ml.) and 
water (510 ml.) at 90°. A solution of iodine monochloride (112 g.) in concentrated hydrochloric acid 
(155 ml.) was run in during 30 minutes with stirring. Water (200 ml.) was added and the mixture was 
stirred for another 90 minutes after the addition of the iodine monochloride solution. A 10% solution 
of sodium metabisulphite was added to the hot solution until decolorisation was almost complete, 
followed by sodium hydroxide solution (40%) till solid began to separate out. At this point the solution 
should be slightly acid to Congo-red paper. After cooling, the precipitated solid was filtered off, 
washed with water and alcohol, and dried in a desiccator; yield 128 g. (86%), m. p. 197—198° (Found : 
N, 3-15; I, 58-3. Calc. for CJH,O,NI,: N, 3-2; I, 58-5%). 

Iodination of Ethyl 4-(4’-Methoxyphenoxy)benzoate.—This benzoate (1 g.) was dissolved in glacial 
acetic acid (10 ml.) and a solution of iodine monochloride (2-4 g.; 4 equivs.) in glacial acetic acid (5 ml. 
was run in slowly with shaking. The mixture was heated on a steam-bath for 30 minutes and water 
(50 ml. ) was added, whereupon a dark oil separated. The oil was extracted with ether, and the extracts 
were washed with sodium metabisulphite solution, calcium hydroxide suspension, and water. The 
ethereal solution was dried (Na,SO,) and evaporated, leaving an oil which crystallised on standing. 
The solid was filtered off and crystallised from methyl alcohol (charcoal); yield 1-1 g., m. p. 79—80°. 
A solution of the material in benzene was run through a short column of alumina. The column was 
washed with benzene, the eluate evaporated to dryness, and the iodo-ester crystallised from methanol; 
yield 0-4 g., m. p. 83° (Found: C, 48-05; H, 3-9; I, 31-2; OCH;, 8-0; M, 376. C,,H,,0,I requires 
C, 48:3; H, 3-8; I, 31:9; OCH;, 7-°8%; M, 398). 

Iodination of 4-(4’-Methoxyphenoxy)benzaldehyde.—The aldehyde (1-14 g.) was dissolved in hot glacial 
acetic acid (20 ml.) and iodinated with a solution of iodine monochloride (0-75 ml.) in acetic acid. 
Addition of water to the cooled reaction mixture precipitated an oil which, on dissolving in acetic acid 
and treatment with a solution of 2 : 4-dinitrophenylhydrazine, gave a dinitrophenylhydrazone, m. p. 194° 
(Found: N, 10-6; I, 23-8. C,9H,,O,N,I requires N, 10-5; I, 23-8%). 

4-Chloro-3 : 5-di-iodobenzoic Acid (ch. Fr.P. 835,727).—p-Chlorobenzoic acid (4 g.), 10% oleum 
(18 ml.), and iodine (10 g.) were heated to 160° till all the iodine had reacted. A further quantity of 
iodine (4 g.) was added, and heating continued until this also had disappeared. The cooled mixture 
was poured into water, and the solid filtered off and dried. The crude acid was partly purified by boiling 
with chloroform and the insoluble material was crystallised from ethyl alcohol, forming white needles 
(7-6 g., 73%), m. p. 303—304° (Found : C, 20-6; H, 0:7; Halogen, 74-0. C,H,O,CII, requires C, 20-6; 
H, 0°85; Halogen, 70-9%). 

Methyl 4-Chloro-3 : 5-di-iodobenzoate.—4-Chloro-3 : 5-di-iodobenzoic acid (5 g.) was dissolved in dry 
methyl alcohol (200 ml.), and the boiling solution saturated with hydrogen chloride. On cooling, the 
required methyl ester crystallised, and was filtered off and recrystallised from methyl alcohol; yield 5 g. 
(95%), m. p. 151° (Found: Halogen, 67-5. C,H,O,CII, a ere Halogen, 68-5%). 

2 : 6-Dinitro-4’-methoxy-4-methyldiphenyl Ether (3 : 5-Dinitro-4-(4’-methoxyphenoxy)toluene] (VII; 
R = Me).—4-Bromo-3 : 5-dinitrotoluene (10 g.), potassium hydroxide (3 g.), quinol monomethyl ether 
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(6-25 g.), and water (15 ml.) were heated under reflux for 5 hours at 150°. The cooled mixture was 
diluted with alkali, and the insoluble material, filtered off and crystallised from ethyl alcohol, formed 
bright yellow prisms (6 g., 50%), m. p. 144—145° (Found: C, 55-7; H, 4-0; N,9-9. C,,H,,0,N, requires 
C, 55-4; H, 3-95; N, 9-2%). 

2: 6-Diamino-4’-methoxy-4-methyldiphenyl Ether Dihydrochloride (as VIII; R = Me).—The above 
dinitro-compound (1 g.) was suspended in glacial acetic acid and shaken in an atmosphere of hydrogen with 

alladised charcoal (10%; 1 g.) until the theoretical amount of hydrogen was absorbed. The filtered 
Fiquid was evaporated to dryness, and the residual solid taken up in a little ethyl alcohol. Dry hydrogen 
chloride was passed in for a few minutes, and ethyl acetate was added until precipitation was complete. 
The dihydrochloride was filtered off and crystallised from alcohol-ethyl acetate; yield 0-9 g. (90%), 
m. p. 224° (decomp.) (Found: C, 53-7; H, 5-9; N, 875; Cl, 21-0. C,,H,,O,N,Cl, requires C, 53-0; 
H, 5-7; N, 8-8; Cl, 22-4%). ° 

2 : 6-Di-iodo-4’-methoxy-4-methyldiphenyl Ether (IX; R = Me).—The above diamine dihydrochloride 
(0-9g.) in glacial acetic acid (20 ml.) was added slowly and with stirring to a cooled solution of sodium nitrite 
(0-6 g.) in concentrated sulphuric acid (6 ml.). After 30 mins.’ stirring, the deep red solution was poured 
into potassium iodide (7 g.) in water (20 ml.). After standing for some hours, the dark oily product 
was separated and shaken with benzene and a 0-5% solution of sodium thiosulphate. The pale red 
benzene solution was separated, filtered, and the product adsorbed on a short column of alumina. 
Elution of the alumina with 5% methyl alcohol in benzene caused a ss band to pass down the 
column. The product was obtained by evaporating the eluate collected before this band reached the 
bottom of the column, and the resulting solid was crystallised from aqueous acetone, forming buff- 
coloured gr (0-2 g., 15%), m. p. 112—113° (Found: C, 36-15; H, 2-5; I, 53-5. C,,H,,0,I, requires 
C, 36-0; H, 2-6; I, 54-5%). : 

Methyl 3: 5-Dinitro-4-(4’-methoxyphenoxy)benzoate (VII; R = CO,Me).—Methyl 4-chloro-3 : 5-di- 
nitrobenzoate (10 g.), potassium hydroxide (2-3 g.), quinol monomethy] ether (5 g.), and water (10 ml.) 
were heated at 150° for 3 hours under reflux. The cooled mixture was stirred with 2n-sodium hydroxide, 
and the insoluble ester was filtered off and crystallised from ethyl alcohol, forming bright yellow lances 
te g-, Atte m. p. 129° (Found: C, 52-0; H, 3-4; N, 7-9. C,sH,,0,N, requires C, 51-5; H, 3-4; 

, 8-05%). ; 

3 : 5-Dinitro-4-(4’-methoxyphenoxy)benzoic Acid (VII; R = CO,H).—The above ester (0-5 g.) was 
boiled for 30 minutes with glacial acetic acid (15 ml.), concentrated hydrochloric acid (5 ml.), and water 
(5 ml.). The solution was evaporated to dryness, and the residual acid was crystallised from benzene; 
m. p. 205—206° (Found : C, 50-25; H, 2-9. C,,H,,O,N, requires C, 50-25; H, 3-0%). 

The acid (5 g.) was converted into the acid chloride by treatment with excess of thionyl chloride 
(15 ml.) on a steam-bath till the reaction ceased. Excess of thionyl chloride was evaporated in a 
vacuum and the residual oil was triturated with carbon tetrachloride until it solidified. The solid was 
crystallised from chloroform-carbon tetrachloride and formed yellow needles, m. p. 128—129° (decomp.) 
(Found: N, 7-9; Cl, 10:0; OCH,, 9-1. C,,H,O,N,Cl requires N, 7-9; Cl, 10-1; OCHy,, 8-8%). 

Methyl 3 : 5-Diamino-4-(4'-methoxyphenoxy)benzoate (VIII; R = CO,Me).—Methyl 3 : 5-dinitro-4- 
(4’-methoxyphenoxy)benzoate (5 g.), suspended in glacial acetic acid (40 ml.), was shaken in an atmo- 
sphere of a with palladised charcoal (10%; 1 g.) until the uptake of hydrogen ceased (about 

hour). The filtered solution was evaporated to dryness, and the residual diamino-ester crystallised 


Tom ae acetone to give white prisms (3-7 g., 90%), m. p. 166° (Found: C, 62-4; H, 5-6; N, 9-75. 
1¢ 


C,;H,,0,N, spew C, 62-5; H, 5-55; N, 9-7%). The dibenzoyl derivative, prepared by benzoylation 
in pyridine with benzoyl chloride and precipitation with water, crystallised from ethyl alcohol in the 
form of white prisms, m. p. 208° (decomp.) (Found: N, 5-6. C,y,H,O,N, requires N, 56%). The 
diacetyl derivative was prepared by treatment of the base with acetic anhydride at room temperature 
for 30 mins. After decomposition of the excess of anhydride with water, the solid was collected, and 
crystallised from alcohol in the form of white needles, m. p. 198—199° (Found: N, 7-15. C,,H.».O,N, 
requires N, 7-5%). 

Methyl 3: 5-Di-iodo-4-(4'-methoxyphenoxy)benzoate (IX; R = CO,Me).—Methyl 3: 5-diamino-4- 
(4’-methoxyphenoxy)benzoate (2 g.), dissolved in glacial acetic (20 ml.), was added slowly to a cooled 
solution of sodium nitrite (1-2 g.) in concentrated sulphuric acid (12 ml.) with stirring and cooling in 
ice. The deep red solution was stirred for a further 30 minutes and poured into a solution of potassium 
iodide (10 g.) in water. After standing for 1 hour, the mixture was heated to 80° on the water-bath 
and cooled, and the insoluble sticky crude product was filtered off, dried in a vacuum, and dissolved in 
acetone. The acetone solution was filtered through a pad of alumina to remove coloured impurities, 
and the filtrate was evaporated to dryness, triturated with ethyl alcohol, and the insoluble residue 
crystallised from aqueous acetone to give buff-coloured plates (1-9 g., 40%), m. p. 153—154° (Found : 
C, 35-7; H, 2-4; I, 49-1. C,,H,,0,I, requires C, 35-3; 7% 2-35; I, 49-7%). 

The acid was obtained from the above ester by refluxing with 2n-sodium hydroxide solution for 
2 hours. The solution was cooled, filtered, and acidified, and the precipitated acid was filtered off 
- ie gre from aqueous alcohol; m. p. 233° (Found: C, 34:1; H, 2:2. C,,H,,O,I, requires 

, 34:0; H, 2-0%). 

3 : 5-Di-iodo-4-(4’-methoxyphenoxy)benzoyl Chloride (IX; R = COCI).—This was obtained when the 
above acid (1 g.) was heated on the steam-bath with thionyl chloride (5 ml.) until reaction was com- 
plete. Excess of thionyl chloride was removed in a vacuum, and the crystalline residue recrystallised 
from petrol (b. p. 80—100°) as pale yellow prisms (80%), m. p. 1388—139° (Found: Halogen, 57-5. 
C,,H,O,CII, requires Halogen, 56-8%). 

3 : 5-Di-iodo-4-(4'-methoxyphenoxy)benzhydrazide (IX; R = CO‘NH-NH,).—Methyl 3: 5-di-iodo-4- 
(4’-methoxyphenoxy)benzoate (6-6 g.) was suspended in dry methyl alcohol (30 g.) in a pressure bottle, 
hydrazine hydrate (90% ; 3-3 ml.) was added, and the mixture heated for 8 hours in a boiling water- 
bath. Crystals of the hydrazide separated out on cooling the reaction mixture, and were filtered off 
and crystallised from Al alcohol, giving fine white needles (5-9 g., 90%), m. p. 239—-240° (Found : 
N, 5-6; I, 50-3. C,,H,,0,N,I, requires N, 5-5; I, 49-7%). The hydrazide could also be prepared by 
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refluxing a solution of the ester with hydrazine hydrate in n-butyl alcohol for 5 hours, Its toluene-p- 

honyl derivative was — by dissolving the hydrazide (1-4 g.) in dry pyridine (50 ml.) and 
adding toluene-p-sulphonyl c ide (0-56 g.). The mixture was kept for 30 mins. and poured into 
pote erm yee acid (200 ml.). The precipitated yellow solid was filtered off and crystallised from 
ethyl alcohol as pale yellow prisms (60%), m. p. 196—197° (Found: N, 4:5; S, 4:8. C,,H,,0,;N,I,S 
requires N, 4:2; S, 48%). 

3 : 5-Di-iodo-4-(4'-methoxyphenoxy)benzaldehyde 2: 4-Dinitrophenylhydrazone.—The above mixed 
hydrazide (2 g.) was suspended in ethylene glycol (10 ml.), and the suspension heated to 160° in an 
oil-bath. Anhydrous sodium carbonate (0-5 g.) was added, and the mixture heated for 30 seconds 
longer and poured into water. The oily material was extracted with ether, and the extract dried and 
evaporated. The residue was dissolved in ethyl alcohol, and the solution filtered and added to an acid 
alcoholic solution of 2: 4-dinitrophenylhydrazine. The crude dinitrophenylhydrazone separated as a 
deep red solid which was crystallised from aqueous acetic acid, giving red prisms (0-5 g., 35%), m. p. 
212° (decomp.) (Found: N, 8-5. Cy H,,0O,N,I, requires N, 8-5%). 

2-Phenyl-4-[3’ : 5’-di-iodo-4’-(4”-methox henoxy)benzylidene}oxazol-5-one was prepared from the 
ethereal extract after evaporation and condensation with hippuric acid in the usual fashion (Harington 
and Barger, Joc. cit.); m. p. 211°. 


RESEARCH Division, GLAXO LABORATORIES LIMITED, je 
GREENFORD, MIDDLESEX. (Received, June 30th, 1948.] 





$43. The Synthesis of Thyroxine and Related Substances. Part II. 
The Preparation of Dinitrodiphenyl Ethers. 


By E. T. Borrows, J. C. Crayton, B. A. Hems, and A. G. Lone. 


A new and facile synthesis of 2 : 6-dinitrodiphenyl ethers is described. Quaternary salts of 
the type (VI) are treated with phenols under a variety of conditions. Such quaternary 
compounds may also be eee from the ae halogenodinitrobenzenes, derived from 
the corr mding phenol by reaction with phosphoryl chloride and a tertiary base, preferably 
prem aniline. Similarly, certain other salts have been used satisfactorily in the diphenyl ether 
synthesis. 


ALTHOUGH the synthesis of thyroxine described in the preceding paper was not wholly 
satisfactory, the new procedure for preparing 2 : 6-di-iododipheny] ethers from the corresponding 
dinitro-derivatives, as there elaborated, suggested many new alternatives if the appropriate 
2 : 6-dinitrodiphenyl ethers could be procured. The necessity for preparing the latter from 
halogeno-2 : 6-dinitrobenzenes rather than from the related phenols was also discussed. As 
phenols of the required orientation are more readily available than the corresponding halogeno- 
compounds, it was deemed necessary that such derivatives should be employed as starting 
materials for any simple thyroxine synthesis. To this end the replacement of the hydroxyl by 
halogen in a number of dinitrophenols, and also possible means of circumventing this operation, 
have been investigated. 

As models for this study we chose the 3 : 5-dinitro-derivatives of p-hydroxybenzaldehyde 
(I; R = CHO), p-cresol (I; R = Me), and ethyl 8-(p-hydroxyphenyl)propionate (I; R= 
CH,°CH,’CO,Et). The first (I; R = CHO) was prepared by nitration of p-hydroxybenzal- 
dehyde, a necessary modification of Hodgson and Beard’s method (J., 1927, 

2375) being used whereby it could be isolated in 40% yield on crystallisation o/s 
from aqueous acetic acid. Crystallisation of the crude product from carbon HOC pr 
tetrachloride gave as the first crop the picrate of (I; R = CHO), which could Sy ( 
be split into the two components by treatment with aqueous acetic acid. 

A thorough examination of the action of phosphorus pentachloride in various proportions on 
(I; R= CHO) and (I; R = CH,°CH,°CO,Et) under a variety of conditions produced no 
tractable products, although in both instances hydrogen chloride was copiously evolved. Our 
attention was then drawn to a paper (Baddiley and Topham, /J., 1944, 678) on the use of 
phosphoryl chloride and diethylaniline for the conversion of 4-hydroxy- and 4: 6-dihydroxy- 
pyrimidines into the corresponding chloro-compounds. As the hydroxyl groups in these 
compounds may be considered to be influenced in a similar manner to those o- or p- to nitro- 
groups in an aromatic ring, the analogy was tested by applying the method to the above 
dinitrophenols (I). The reaction with (I; R = CHO) proved extremely easy, being completed 
in five minutes at room temperature to give 4-chloro-3 : 5-dinitrobenzaldehyde in 90% yield. It 
has been claimed by Mittal (J. Indian Chem. Soc., 1942, 19, 408) that this compound arises by 
acid hydrolysis of the condensation product of p-nitrosodimethylaniline with 4-chloro-3 : 5- 
dinitrotoluene of obscure origin, but the m. p.s of his product (78°) and of its phenylhydrazone 


1.) 
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(109°) do not agree with those of the materials prepared by our procedure, namely, 107° and 
217°, respectively. The orientation of our product follows unambiguously from the method of 
preparation and from its oxidation to 4-chloro-3 : 5-dinitrobenzoic acid identical in all respects 
with an authentic specimen (Ullmann, Annalen, 1909, 366, 92). 

Phosphoryl chloride and diethylaniline were also applied successfully to (I; R = Me) 
to yield 4-chloro-3 : 5-dinitrotoluene and to (I; R = CH,°CH,°CO,Et) to give ethyl B-(4-chloro- 
3 : 5-dinitrophenyl) propionate, though the reactions were less facile and required heat. Similar 
success attended the application of the method to picric acid, methyl 3 : 5-dinitro-4-hydroxy- 
benzoate, 3: 5-dinitro-4-hydroxyacetanilide, 3: 5-dinitro-4-hydroxy-tert.-butylbenzene, and 
2 : 4-dinitrophenol, but p-nitrophenol proved refractory. 

Boyer, Spencer, and Wright (Canadian J. Res., 1946, 24B, 200) used a similar method for 
the preparation of picryl chloride from the pyridine salt of picric acid by the action of carbonyl 
chloride or phosphoryl chloride. Although this method may prove useful when the pyridine 
salt is available, we have found that the yield falls if excess of pyridine is used. The superiority 
of diethylaniline over pyridine for the present purpose resides in the greater tendency shown 
by the latter for reaction with the products to give quaternary compounds whose formation and 
reactions are discussed in more detail later in this paper. Thus the yield (80%) of 4-chloro- 
3: 5-dinitrobenzaldehyde when 1 equiv. of diethylaniline was employed remained steady at 
86% for 1-2—4 equivs., whereas the yields obtained on using 1, 1-2, 2, and 4 equivs. of pyridine 
were 64, 77, 50, and 4% respectively. Similarly quinoline, and with less facility triethylamine, 
may be employed as the tertiary base, and the reaction can be effected, though in poorer yield, 
in solvents such as benzene or methyl cyanide. The use of phosphorus pentachloride instead of 
the oxychloride necessitates the use of solvents and gives very poor yields. Phosphoryl bromide 
proved less reactive towards (I; R = CHO) in the presence of diethylaniline and attacked the 
formyl group, under the more vigorous conditions required, to give 4-bromo-3 : 5-dinitrobenzylidene 
dibromide. 

In view of the inability of phosphoryl chloride alone to effect the above conversions, the 
mechanism, proceeding via an intermediate (II), suggested by Kenyon et al. (J., 1931, 382; see 
also Gerrard, J., 1944, 85) for the reaction when applied to alcohols, probably holds true for the 
above examples. Hence, as thionyl halides ionise less readily than 
those of phosphorus, but rearrange more easily, it was considered C,H, ]+ 
significant that attempts to employ thionyl chloride and diethylaniline R-O-P-Cl cl- 
in the above reaction failed completely, even under conditions 
considerably more vigorous than those necessary when phosphorus oO (II.) 
oxychloride was used. 

The Ullmann and Nadai procedure for the preparation of chlorodinitrobenzenes by treatment 
of the analogous dinitrophenols with toluene-p-sulphony] chloride and diethylaniline appears to 
be satisfactory for a wide variety of examples (Ullmann ¢é¢ a/., Ber., 1908, 41, 1870; 1911, 44, 
3730; Sané and Joshi, J., 1924, 125, 2481; J. Indian Chem. Soc., 1928, §, 299; Sen, ibid., 1945, 
22, 183; 1946, 23, 53), although a few exceptions are on record (Sané and Joshi, J. Indian Chem. 
Soc., 1932, 9, 59). That the reaction proceeds via a quaternary compound as represented in the 
following formule has been shown by Borsche and Feske (Ber., 1927, 60, 157), who prepared 
these intermediates, using diethylaniline and pyridine as tertiary bases. 


C,H,N 
R-OH + (p)-C,H,Me-SO,Cl ——>» RO-SO,-C,H,Me(p) ——> 


HCl 
[R-NC,H,]* [SO,-C,H,Me(p)]->- ——> RCl + C,H,N,HO,S-C,H,Me(p) (III) 


Treatment of (I; R = CHO) with toluene-p-sulphonyl chloride and pyridine or diethyl- 
aniline under a variety of conditions failed to yield a chloro-compound or the toluene-p-sulphonyl 
ester, whereas application of similar methods to (I; R = Me) and (I; R = CH,°CH,°CO,Et) 
yielded the esters but no halogen compounds. The latter ester (V; R = CH,°CH,°CO,Et) 
could not be prepared in aqueous alkali, the toluene-p-sulphonyl acid (V; R = CH,°CH,°CO,H) 
being obtained. 

Although it was recognised that toluene-p-sulphonyl esters of simple phenols do not react 
with potassium iodide (Rodionov, Bull. Soc. chim., 1926, 39, 305; Tipson and Block, J. Amer. 
Chem. Soc., 1944, 66, 1880; Tipson ef al., J. Org. Chem., 1947, 12, 133), it was hoped that the 
nitro-groups in the above esters would facilitate their reaction with lithium chloride to yield 
chlorodinitro-derivatives, a procedure of value with the aliphatic toluenesulphonyl esters 
(Kenyon et al., J., 1929, 1700). No chloro-compounds resulted from a number of these 


experiments. 
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The properties of the pyridinium quaternary salts mentioned above suggested a new approach 
to the synthesis of diphenyl ethers. The formation of diphenylamines by reaction of the 
toluene-p-sulphonyl esters of dinitrophenols with aromatic amines proceeds with facility 
(Ullmann et al., loc. cit.; Joshi and Sané, J. Indian Chem. Soc., 1933, 10, 459), and occasionally 
succeeds when the Ullmann and Nadai procedure (see above) for halogenating the dinitrophenols 
fails (Sané and Joshi, ibid., 1932, 9, 59). Reaction of 2 : 4-dinitrophenyl toluene-p-sulphonate 
with phenol in an aqueous solution of sodium hydroxide at 160°, with phenol and sodium 
acetate, or with sodium phenoxide and diethylaniline at 210°, yielded no diphenyl ether but 
only phenyl toluene-p-sulphonate by trans-esterification. However, Borsche and Feske’s 
interpretation (III) (loc. cit.) of the Ullmann and Nadai reaction suggested that replacement of 
the mineral acid (HCl) by phenol might result in the formation of a diphenyl ether. This 
speculation was confirmed by a preliminary experiment in which the quaternary pyridinium 
salt of 2: 4-dinitrophenyl toluene-p-sulphonate, prepared in situ, gave after treatment with 
phenol 2: 4-dinitrodiphenyl ether in 83% yield, identical in all respects with the material 
prepared from 1-chloro-2: 4-dinitrobenzene and phenol (Raiford and Colbert, Joc. cit.). Extended 
investigation of this reaction has revealed it to be remarkably good in many respects and to 
possess a certain amount of flexibility and has made several diphenyl ethers available directly 
from dinitrophenols. The following formule indicate the general character of the reaction : 


NO, NO, 7* 
—" — ean” — = a 
C,H,N + MeK” YS0,0K" YR — KC. »< HF Me” )S0y0 
NO, 2 
(IV.) (V.) (VI.) 


4 


VF 


(VI) +R OH — 


(VII.) 


Investigation of the reaction with (VII; R’ = OMe), employing (V; R= Me or 
R = CH,°CH,’CO,Et) as the nitrophenol components and assessing the usefulness of the 
conditions by the yield of diphenyl ether (VIII; R’ = OMe, R = Me or CH,°CH,°CO,Et) 
isolated, showed that pyridine was the most effective of several tertiary bases tested. 2:4: 6- 
Collidine, dimethylaniline, and triethylamine also permitted isolation of diphenyl ethers in 
reasonable yields, though with them some p-methoxyphenyl toluene-p-sulphonate was obtained as 
a by-product in addition to the diphenyl ethers. Employing pyridine as the tertiary base it was 
possible to isolate the intermediate pyridinium quaternary compounds (VI; R= Me or 
CH,°CH,°CO,Et) by treating the respective esters (V) for a short period (9—10 mins.) on the 
steam-bath with dry pyridine, though prolonged heating (1-5 hrs.) of (V; R = CH,°CH,°CO,Et) 
with pyridine gave (V; R = CH,°CH,°CO,H). In the original experiments (cf. Table, Expts. 
1, 2, 4) excess (15 equivs.) of (VII; R = H or OMe) was employed as the solvent to yield the 
new ethers (VIII; R= Me, R’ =H or OMe). Reducing the amount of phenol (Expt. 3) 
resulted in a fall in yield. However, with pyridine as solvent (Expts. 5, 6, 8) excellent yields 
were obtained even when the quantity of (VII) employed was reduced to about 3 equivs. The 
facility of the reaction was indicated by the formation at room temperature of a diphenyl 
ether (Expt. 7) in 26% yield. The isolation of the quaternary salt (VI) is unnecessary, 


Examples of the Preparation of 2 : 6-Dinitrodiphenyl Ethers. 


Source of 2 : 6-dinitro- R’ in Time, Yield of 
phenyl moiety. (VII). Solvent. Temp. hrs. (VIII), %. 
(VI; R = Me) 15 Equivs. of (VII; R’ = H) 


a 
tl 
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2 Equivs. of (VII; R’ = H) 
15 Equivs. of (VII; R’ = OMe) 
Pyridine 


— 
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(V; R= CH,-CH,-CO,Et) “ 
(I; R = Me) H 15 Equivs. of (VII; R’ = H) 
” Pyridine 
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as demonstrated by the preparation of the ether (VIII; R = CH,°CH,°CO,Et, R’ = OMe) from 
the reaction (Expt. 9) of (V; R = CH,°CH,°CO,Et) with (VII; R’ = OMe) in pyridine; 
sometimes the preparation of the toluene-p-sulphonyl ester (V) may be avoided, for excellent 
yields of the ethers (VIII; R = Me, R’ = H or OMe) resulted when (I; R = Me) was treated 
directly (Expts. 10, 11) with pyridine, toluene-p-sulphonyl chloride, and the phenol (VII; 
R’ = H or OMe), although undoubtedly the reaction still proceeded by the same mechanism. 

The above synthesis is therefore effectively an extension of the Borsche and Feske (Joc. cit.) 
method of using hydrogen chloride to prepare chlorodinitrobenzenes; i.e., the phenoxide ion 
apparently acts analogously to that of chlorine. As lithium chloride has been used (see above) 
to effect the exchange of a toluene-p-sulphonyloxy-group for halogen in certain instances, we 
attempted likewise to prepare 2: 6-dinitrodiphenyl ethers by reaction of (V; R = Me) with 
lithium phenoxide and #-methoxyphenoxide. However, in both cases only trans-esterification 
occurred to give the toluene-p-sulphonyl esters of the two phenols. The lithium salts reacted 
normally with the quaternary compound (VI; R = Me) to produce the required diphenyl ethers. 

Further investigation showed that the new reaction was not limited to the use of quaternary 
compounds prepared from toluene-p-sulphony]l esters of dinitrophenols, for those derived from 
benzenesulphony] esters and 2 : 6-dinitrohalogenobenzenes were just as effective. Thus N-(2: 6- 
dinitro-4-methylphenyl) pyridinium bromide* and N-(2: 6-dinitro-4-2’-carbethoxyethylphenyl)- 
pyridinium chloride, on treatment with quinol monomethyl ether, gave the respective ethers 
(VIII; R = Me, R’ = OMe) and (VIII; R = CH,°CH,°CO,Et; R’ = OMe) in excellent yields. 
Although the ether (VIII; R = CO,Me, R’ = OMe) was prepared satisfactorily from methyl 
4-chloro-3 : 5-dinitrobenzoate and (VII; R’ = OMe) in refluxing pyridine, similar treatment of 
4-chloro-3 : 5-dinitrobenzaldehyde proved unsuccessful. The latter was shown to react with 
pyridine to produce an unstable quaternary compound, N-(2: 6-dinitro-4-formylphenyl)- 
pyridinium chloride, which decomposed at 80°. Treatment of this quaternary compound in 
pyridine with (VII; R’ = OMe) at room temperature gave rise to the required diphenyl ether 
(VIII; R’ = OMe, R = CHO) in 70% yield. The same substance was prepared independently 
by the Ullmann reaction (Ber., 1905, 38, 2211) from 4-chloro-3 : 5-dinitrobenzaldehyde and the 
potassium salt of quinol monomethyl ether at 140°. The choice of the phenolic component is 
not restricted to phenol and quinol monomethy]l ether, for diphenyl ethers (VIII; R = Me, 
R’ = CH,, OH, NO,, or CO,Me) were also prepared by using p-cresol, quinol, p-nitrophenol, and 
methyl p-hydroxybenzoate. 

Numerous solvents for the reaction were tested and it was found that in general only those 
with a dielectric constant of less than 15 at or about room temperature were suitable, ¢.g., 
benzene, ethyl and amyl acetates, pyridine, diethylaniline, and phenol, whereas the reaction 
failed in solvents having constants substantially greater than this. Therefore it was deemed of 
interest to attempt the reactions in liquid sulphur dioxide and liquid ammonia, both solvents 
possessing suitable dielectric constants at their boiling points (13-7 and 14-9, respectively). 

The reaction in liquid sulphur dioxide is somewhat erratic. The quaternary salt (VI; 
R = Me) gave, with quinol monomethyl ether, a 77% yield of (VIII; R = Me; R’ = OMe), 
whilst with phenol it gave only a 12% yield of the diphenyl ether (VIII; R= Me; R’ =H); 
(VI; R = CH,°CH,°CO,Et) failed to react with quinol monomethyl ether at all under the 
conditions used, viz., 3 hours at —10°. On the other hand, with liquid ammonia as the solvent 
excellent yields of diphenyl ethers were obtained in all the instances mentioned. 

An explanation of this extreme facility of reaction in these solvents cannot reside 
alone in their dielectric constants, especially in view of the low temperatures involved. Both 
solvents are recognised to be capable of solvating carbonium ions, a property which might 
facilitate the preparation of the quaternary compounds (VI) from (V) and (IV). However, 
treatment of (V; R = Me) with pyridine in liquid ammonia did not give any quaternary salt, 
and in the absence of the tertiary base the ester was ammonolysed to give a mixture of the parent 
phenol (I; R = Me) and its ammonium salt. On the other hand in liquid sulphur dioxide 
quaternisation occurred to the extent of 17%. 

The superiority of sulphur dioxide over ammonia in promoting the formation of quaternary 
salts from the toluenesulphony]l esters may be due to the fact that in the former solvent pyridine 
forms a salt-like complex (see Jander, Kndéll, and Immig, Z. anorg. Chem., 1937, 282, 229). No 
quaternary formation occurred when pyridine sulphotrioxide was employed in liquid sulphur 
dioxide as the source of tertiary base. Attempts to obtain quaternary salts or diphenyl ethers 
using di-iodo- instead of dinitro-phenols failed, and hence it was not possible to extend the scope 


* In order to retain uniformity, this is not named as a 3 : 5-dinitro-p-tolyl derivative, and similarly 
for analogous compounds.—Ep. 
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of the reaction to include compounds such as ethyl 3 : 5-di-iodo-4-toluene-p-sulphonyloxybenzoate. 
However, although the latter was cleaved by dissolution in liquid sulphur dioxide in the presence 
of pyridine to yield pyridinium toluene-p-sulphonate, it was recovered unchanged when phenol 
was also present. 

That this diphenyl ether synthesis does not depend only on the use of an N-arylpyridinium 
salt but also on the presence of two or more nitro-groups was indicated by the failure to prepare 
ethers from N-(p-methoxyphenyl)pyridinium chloride (Karrer, Schwarzenbach, and Utzinger, 
Helv. Chim. Acta, 1937, 20, 72) or from the N-(p-nitrophenyl) pyridinium chloride or bromide ferric 
chloride complexes (K6nig, J. pr. Chem., 1904, 70, 29, 31, 32). An attempt to obtain the free 
quaternary bromide from the ferric chloride complex by the usual procedure (Karrer et al., loc. 
cit.) caused disruption of the molecule. Nor was it possible to prepare the pyridinium 
quaternary salt of the toluene-p-sulphonyl ester of p-nitrophenol by treatment with pyridine 
even under drastic conditions, or to effect the preparation of an ether by its formation in situ. 

Dipheny]l ethers containing nitro-groups, and more especially those with nitro-groups in both 
rings, are very susceptible to cleavage by nucleophilic reagents (Ungnade, Chem. Reviews, 1946, 
38, 405). Thus it has been shown (D.R.-P., 620,761) that pyridine cleaves 2: 4: 2’ : 4’-tetra- 
nitrodiphenyl ether to yield N-(2: 4-dinitrophenyl)pyridinium 2: 4-dinitrophenoxide. No 
example of such a cleavage of an asymmetrically substituted ether has been reported in the 
literature. However, this approach offered the possibility of preparing quaternary compounds 
of a type suitable for the purposes of the present investigation, and the subject has therefore now 
received some attention. 

In general, it was found unnecessary to isolate the intermediate diphenyl ethers, for, although 
the transient formation of these was demonstrated, the quaternary compounds were prepared 
directly from the halogenopolynitrobenzene and the polynitrophenol in hot pyridine. Thus 
treatment of 3 : 5-dinitro-4-hydroxytoluene (I; R = Me) with 1-chloro-2 : 4-dinitrobenzene in 
hot pyridine yielded N-(2 : 6-dinitro-4-methylphenyl) pyridinium 2 : 4-dinitrophenoxide [IX; R= 
2: 4-(NO,),C,H;], which arose also by cleavage of 2: 6: 2’ : 4’-tetranitro-4-methyldiphenyl ether 
with pyridine. Thestructureof (IX; R = 2: 4-(NO,),C,H;] was established by the preparation 
from it of the chloroplatinate, identical with that obtained from (VI; R = Me). By the above 
method the compound [IX; R = 2: 4: 6-(NO,),C,H,] was prepared and, as it failed to yield a 
chloroplatinate, it was identified by treatment with phenol to give (VIII; R = Me, R’ = H), 
which was also prepared from [IX; R = 2: 4-(NO,),C,H;]. The orientation of the two aryl 
moieties in the quaternary compounds prepared as above appeared to depend on the electron 
distributions in the initial reactants as determined by their respective substituents. Thus, in 
contrast to (I; R = Me) both 3: 5-dinitro-4-hydroxybenzaldehyde and 4-chloro-3 : 5-dinitro- 
benzaldehyde when treated by the new procedure gave quaternary compounds [X; R = 
2:4: 6-(NO,),C,H, or 2 : 4-(NO,),C,H,] in which the aldehyde moiety was present in the anion. 
The constitution of [X; R = 2: 4-(NO,),C,H,] was shown by the preparation of the known 
2 : 4-dinitro-4’-methoxydiphenyl ether (Brewster and Choguill, J. Amer. Chem. Soc., 1939, 61, 
2702) from [X; R = 2: 4-(NO,),C,H;] on treatment with quinol monomethyl ether and by the 
formation of a chloroplatinate (Vongerichten, Ber., 1899, 32, 2571) identical with that obtained 
from N-(2 : 4-dinitrophenyl) pyridinium chloride. 

_NO, . NO, 

cH, YNC,H,| OR (RNC,H,]* ie ss 

oa O, O, 

(IX.) (X.) 
NO, ad _ NO, > 

(RNC,H,]* a cHo¢ \-NCc,H,| OR 
O, O, 

(XI.) (XII.) 

[R = 2: 4-(NO,),C,H, or 2: 4: 6-(NO,),C,H,.] 

Compound [X; R = 2:4: 6-(NO,),C,H,] failed to form a chloroplatinate and was 
recovered unchanged after treatment with quinol monomethy] ether in pyridine. This structure 
was assigned to it after comparison with N-(2 : 6-dinitvo-4-formylphenyl)pyridinium 2: 4: 6- 
trinitrophenoxide [XII; R = 2: 4: 6-(NO,),C,H,], the melting point of which it depressed 
considerably. This compound, the other possible product of the cleavage of 2:6: 2’: 4’: 6’- 
pentanitro-4-formyldipheny] ether with pyridine, was prepared by treatment of N-(2 : 6-dinitro- 
4-formylphenyl)pyridinium chloride with picric acid in aqueous solution. It also failed to form 
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a chloroplatinate, but, unlike [X; R = 2: 4: 6-(NO,),C,H,], it reacted with quinol mono- 
methyl ether in pyridine, the product being the expected diphenyl ether (VIII; R = CHO, 
R’ = OMe). Reaction of N-picrylpyridinium chloride with (I; R = Me) yielded the quaternary 
salt (XI; R = 2:4: 6-(NO,),C,H,], in which the cation was characterised by conversion 
into a chloroplatinate, also prepared from the original chloride, and which was converted by 
treatment with phenol in hot pyridine into.the ether (VIII; R = NO,, R’=H). On refluxing 
(XI; R = 2: 4: 6-(NO,),C,H,] alone in pyridine there arose, presumably via the dipheny] ether, 
the quaternary compound [IX; R = 2:4: 6-(NO,),;C,H,]. This again demonstrates the 
influence of thesubstituents on the final orientation of the quaternary compounds in hot pyridine. 

The quaternary compounds with a polynitrophenoxide as anion are thus suitable for the 
preparation of diphenyl ethers by the new synthesis, but they are useful for the preparation of 
compounds of type (VIII) only where the relative electron distributions in the initial phenol and 
halogenobenzene are such that the nucleus of the former preferably enters the cation. However, 
they may prove of value where the more usual types of salts are unstable, for whereas [XII; 
R = 2: 4: 6-(NO,),C,H,] is stable, the quaternary bromide corresponding to (VI; R = CHO) 
is heat labile and has to be used at room temperature. 


EXPERIMENTAL. 


3 : 5-Dinitro-4-hydroxybenzaldehyde.—3-Nitro-4-hydroxybenzaldehyde (80 g.) was added slowly to 
fuming nitric acid (230 ml.) at 5° with stirring. At the end of the addition the temperature was allowed 
to rise to 20° and remain there for 2 hours. The solution was poured on ice and the solid was filtered off, 
washed, dried, and crystallised from carbon tetrachloride, giving a small quantity of yellow plates 
(10 g.), m. p. 80°, which proved to be the picrate of 3 : 5-dinitro-4-hydroxybenzaldehyde (Found: C, 
36-1; H, 1-5; N, 15-2. OHO 3N, requires C, 35-4; H, 1-6; N, 15-8%). The carbon tetrachloride 
mother-liquors were concentrated and the residue crystallised from acetic acid, giving the required 
3 : 5-dinitro-4-hydroxy benzaldehyde (40 g.), m. p. 102° (lit., m. p. 102°). 

Pyridine salt. Addition of a solution of the aldehyde in alcohol-ether to a similar solution of pyridine 
gave a precipitate of the pyridine salt, which separated as bright yellow needles from alcohol, m. p. 174° 
(Found : C, 49-3; H, 3-2; N, 13-3. C,,H,O,N, requires C, 49-5; H, 3-1; N, 14-4%). 

4-Chloro-3 : 5-dinitrobenzaldehyde.—To a suspension of 3 : 5-dinitro-4-hydroxybenzaldehyde (4-25 g.) 
in phosphorus oxychloride (20 ml.), diethylaniline (4-3 ml.) was added at room temperature. After 5 
minutes the mixture was poured on ice—water, and the solid was extracted with ether. The extract was 
washed with dilute sodium carbonate solution, filtered, and evaporated. The aldehyde crystallised from 
aqueous alcohol in the form of pale yellow needles (4 g.; 88%), m. p. 107° (Found: C, 36-8; H, 1-4; 
N, 12-2; Cl, 15-5. C,H,O,N,Cl requires C, 36-5; H, 1-3; N, 12-1; Cl, 15-4%). The aldehyde was 
converted into the phenylhydrazone, m. p. 214°, in the usual manner, and into the dinitrophenylhydrazone, 
> Pp. a). after crystallisation from dioxan (Found: N, 20-3; Cl, 8-5. C,,H,O,N,Cl requires N, 20-5; 

1, 8-7%). 

4-Chloro-3 : 5-dinitrotoluene.—3 : 5-Dinitro-p-cresol (0-8 g.) was heated on a steam bath for 1-5 hours 
with phosphorus oxychloride (6 ml.) and diethylaniline (10 ml.). The cooled mixture was poured on ice 
and the oil was extracted with ether. The extract was washed with dilute aqueous sodium carbonate 
solution, dried, filtered, and evaporated. The residue was crystallised from ethyl alcohol to give yellow 
needles (0-16 g.), m. p. 116° (lit., m. p. 114°). 

Ethyl B-(4-Chloro-3 : 5-dinitrophenyl)propionate.—The corresponding hydroxy-ester was prepared 
from £-(3 : 5-dinitro-4-hydroxyphenyl)propionic acid (Stohr, Annalen, 1884, 225, 92) by an azeotropic 
method and was found to have m. p. 61° instead of the recorded m. p. of 72° (Stohr, loc. cit.); however, it 
had the correct analysis (Found: C, 46-7; H, 4:8; N, 10-2. Calc. for C,,H,,0,N,: C, 46-5; H, 4-2; 
N, 99%). Ethyl §-(3 : 5-dinitro-4-hydroxyphenyl)propionate (1-4 g.) in diethylaniline (5 ml.) was 
treated dropwise with phosphorus oxychloride (3 ml.) and heated on the steam-bath for one hour, during 
which the solution darkened considerably. After cooling, ethyl alcohol (20 ml.) was added and the 
reaction mixture was allowed to stand overnight to destroy excess of phosphorus oxychloride. The 
mixture was evaporated in a vacuum, the product extracted into benzene, and the benzene extract 
washed with dilute hydrochloric acid and water. After evaporation of the benzene, the residual ester 
was crystallised from alcohol, giving a feathery magma (0-9 g.; 60%), m. p. 52° (Found: C, 43-9; H, 
3-6; N, 8-9; Cl, 11-3. C,,H,,O,N,Cl requires C, 43-6; H, 3-7; N, 9-25; Cl, 11-7%). 

1-Chloro-2 : 4-dinitrobenzene.—2 : 4-Dinitrophenol (1 g.), phosphorus oxychloride (5 ml.), and diethyl- 
aniline (1-2 ml.) were heated on the steam-bath for 20 minutes. The cooled solution was poured on ice, 
and the oil extracted into ether. The ether extract was washed with sodium carbonate solution and 
water, dried, and evaporated. The residue was sublimed in a vacuum (0-55 g., m. p. 50°) (lit., m. p. 51°). 

4-Bromo-3 : 5-dinitrobenzylidene Dibromide.—3 : 5-Dinitro-4-hydroxybenzaldehyde (3 g.) was added to 
phosphorus oxybromide (10 g.) in xylene (10 ml.), and diethylaniline (3 ml.) was carefully added. The 
mixture was then heated on a steam-bath for 2 hours, diluted with chloroform (100 ml.), and cooled. 
Excess of phosphorus oxybromide was decomposed by shaking with water, and the chloroform layer was 
then washed with acid and alkaliand evaporated. The dibromide crystallised from ethyl alcohol in yellow 
needles, m. p. 129° (40%) (Found: C, 20-1; H, 0-8; N, 6-45; Br, 56-5. C,H,O,N,Br, requires 
C, 20-1; H, 0-7; N, 6-7; Br, 57-3%). 5 , ; 

Picryl Chloride.—Diethylaniline (ca. 1-8 ml.) was added dropwise to a solution of picric acid (1 g.) in 
phosphorus oxychloride (10 ml.) until the solution was brown. After being allowed to stand for 15 
minutes, the mixture was poured into iced water, and the resultant pure picryl chloride filtered off, 
washed, and dried; m. p. and mixed m. p. 83° (1-05 g., 97%). 
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Methyl 4-Chloro-3 : 5-dinitrobenzoate—Methy] 3 : 5-dinitro-4-hydroxybenzoate (1 g.) was treated with 
diethylaniline and phosphorus oxychloride exactly as above. Pale yellow lances of methyl 4-chloro- 
3 : 5-dinitrobenzoate were obtained; m. p. and mixed m. p. 102—103° (1-05 g., 98%). 

4-Chloro-3 : 5-dinitroacetanilide—A mixture of 3 : 5-dinitro-4-hydroxyacetanilide (3 g.), phosphorus 
oxychloride (10 ml.), and diethylaniline (6 ml.) was refluxed for 1 hour. Excess of phosphorus 
oxychloride was removed in a vacuum, and the residue triturated with dilute hydrochloric acid and 
extracted with ether. The extract was washed with sodium hydrogen carbonate solution, then water, 
and was dried and evaporated. The resultant 4-chloro-3 : 5-dinitroacetanilide recrystallised from a little 
ethanol as pale yellow lances, m. p. 232—-234° (0-6 g., 19%) (Found: C, 37-5; H, 2-4; N, 16-1; Cl, 13-6. 
C,H,O,N,Cl requires C, 37-0; H, 2-3; N, 16-2; Cl, 13-6%). 

4-Chloro-3 : 5-dinitro-tert.-butylbenzene—A mixture of 3: 5-dinitro-4-hydroxy-tert.-butylbenzene 
(2 g.), phosphorus oxychloride (20 ml.), and pees panes (4 ml.) was refluxed for one hour. The cooled 
mixture was poured on ice, and the resultant solid recrystallised (charcoal) from 50% acetic acid solution 
= buff lances, m. p. 115° (1-2 g., 58%) (Found: N, 10-8; Cl, 13-7. C,,H,,0O,N,Cl requires N, 10-8; 

1, 13-7%). 

2: 4-Dinitrodiphenyl Ether.—2 : 4-Dinitrophenyl toluene-p-sulphonate (2-6 g.) (Ullmann and Nadai, 
Ber., 1908, 41, 1872) was heated on a steam-bath for 4 hour with dry pyridine (10 ml.) to obtain the 
bara poem quaternary salt. Excess of pyridine was then removed in a vacuum and the residue was 

eated with phenol (2-9 g.) to 210° for 6 hours. The cooled reaction mixture was dissolved in ether and 
washed with dilute sodium hydroxide solution. The residue obtained after evaporation of the dry ether 
solution was crystallised, giving the diphenyl ether, m. p. 70° (lit., m. p. 70°) (Found: N, 11-0. Calc. 
for C,,H,O,N,: N, 10-8%). 

Ethyl B-(3 : 5-Dinitro-4-toluene-p-sulphonyloxyphenyl)propionate.—Ethyl £-(3 : 5-dinitro-4-hydroxy- 
phenyl)propionate (0-7 g.) in diethylaniline (2 ml.) was heated with toluene-p-sulphonyl chloride (0-6 g.) 
on the steam-bath for 4 hours. The cooled mixture was washed with dilute hydrochloric acid, and the 
residue triturated with ethyl alcohol and crystallised from aqueous acetic acid, yielding colourless prisms 
(0-7 g.; 63%), m. p. 103° (Found: C, 49-8; H, 3-9; N, 6-7; S, 7-2. C,,H,,0,N,S requires C, 49-3; 
H, 4-1; N, 6-3; S, 7-3%). 

The corresponding actd was obtained when the above ester (0-7 g.) wastreated with toluene-p-sulphonyl 
chloride (0-6 g.) in 2N-sodium hydroxide (3 ml.) and water (20 ml.) containing enough acetone to achieve 
solution. At the end of one bore the solution was acidified and diluted with water; the insoluble 
precipitate was filtered off, and crystallised from —_ ethyl alcohol or acetic acid in the form of 
——s ~ plates (0-77 g.; 75%), m. p. 157° (Found: N, 6-6; S, 7:5. C,,H,,O,N,S requires N, 
6-8; S, 7-8%). 

Ethyl B-(3 : 5-Dinitro-4-p-methoxyphenoxyphenyl)propionate.—The above toluenesulphonyl ester 
(0-22 g.) and quinol monomethy] ether (0-2 g.) were refluxed in pyridine for one hour. The warm reaction 
mixture was diluted with water and alcohol, and the crystals which deposited on cooling were filtered off 

crystallised from ethyl alcohol, giving yellow needles of the diphenyl ether (0-19 g.; 95%), m. p. 104° 


and 
(Found: C, 55-6; H, 4-9; N, 7-2. C,,H,,0,N, requires C, 55-4; H, 4-6; N, 7-2%). 
When the eevee ea ester (0-44 g.) was heated for 10 minutes in pyridine (2 ml.) and the cooled 


reaction mixture was diluted with ether, the quaternary salt, N-(2 : 6-dinitro-4-2’-carbethoxyethylphenyl)- 
pyridinium toluene-p-sulphonate was obtained. It crystallised from ethyl alcohol-ether in pale buff- 
coloured prisms (0-47 g.; 89%), m. p. 172° (Found: C, 53-8; H, 4-6; N, 7-95; S, 6-1. C,,H,,0,N,S 
requires C, 53-4; H, 4-5; N, 8-1; S, 62%). 

This quaternary salt (0-25 g.) and quinol monomethy]l ether (0-2 g.) were dissolved in liquid ammonia 
(20 ml.), and the solution kept for 3 hours. After evaporation of the solvent, the residue crystallised 
from ethyl alcohol in the form of brown needles (0-18 g.; 97%), m. p. 102°, identical with the above 
diphenyl ether. 

The corresponding quaternary pyridinium chloride also gave the diphenyl ether by treatment with 
liquid ammonia and quinol monomethyl ether in a similar fashion in 96% yield. The same diphenyl 
ether was formed when ethyl §-(3 : 5-dinitro-4-chlorophenyl)propionate was refluxed in pyridine for 
1 hour with quinol monomethy] ether, the product being isolated in the usual manner. 

p-Methoxyphenyl Toluene-p-sulphonate.—A solution of quinol monomethyl ether (1-2 g.) in aqueous 
sodium hydroxide (20 ml.; 0-5n) was treated on the steam-bath with toluene-p-sulphonyl chloride 
(1-9 g.). After 1 hour the cooled reaction mixture was extracted with ether, and the washed and dried 
extract concentrated to ro the ester, which crystallised from light petroleum as long, colourless needles, 
m. p. 66—67° (Found : C, 60-9; H, 5-55; S, 11-4. C,,H,,0,S requires C, 60-5; H, 5-05; S, 11-5%). 

2:6-Dinitro-4’-methoxy-4-methyldiphenyl Ether (3:5-Dinttro-4-(4 age a seen )toluene)*.—Treatment 
of the toluene-p-sulphonate of 3 : 5-dinitro-4-hydroxytoluene (1 g.) with dry pyridine (5 ml.) for 5 mins. 
on the steam-bath gave N-(2 : 6-dinitro-4-methylphenyl)pyridinium toluene-p-sulphonate as a crystalline 
product, which was filtered off after dilution of the reaction mixture with ether. It crystallised from 
ethyl alcohol (charcoal) as long, colourless needles (70% yield), m. p. 184° (Found: C, 52-9; H, 4-4. 
Calc. for C,9H,,0,N;S : C, 52-9; H, 40%) (cf. Borsche and Feske, Joc. cit., reddish-yellow crystals, 
m. p. 179°). 

This toluenesulphonate (1 g.) and quinol monomethy] ether (1 g.) were dissolved in pyridine (10 ml.), 
and the solution heated under reflux for one hour. The cooled mixture was poured into dilute sodium 
hydroxide solution, and the precipitated solid filtered off and crystallised from ethyl alcohol, forming 
tang — m. p. 142°, identical with the diphenyl ether previously prepared by a different method 
(see Part I). 

The above quaternary salt (0-86 g.) was dissolved in liquid sulphur dioxide (20 ml.), quinol 
monomethyl ether (0-8 §.) was added, and the mixture left while solvent evaporated during about 3 hours, 
the flask being protected from air by a tube containing cotton-wool. The residue was extracted with 


* Ethers are preferably named as such wherever possible. The alternative name, which has been 
omitted elsewhere, indicates the relation to other compounds described in the Experimental. Eb. 
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benzene, and the extract washed, dried, and evaporated. The residue maeanins from ethyl alcohol 
to give the diphenyl ether as yellow prisms (0-47 g.; 77%), m. p. 142° not depressed on admixture with 
the above. The diphenyl ether was also obtained (82%, m. p. 142°) by the above method using liquid 
ammonia instead of liquid sulphur dioxide as solvent. 

N-(2 : 6-Dinitro-4-methylphenyl)pyridinium Bromide.—The above quaternary toluene-p-sulphonate 
(2 g.) in liquid sulphur dioxide (15 ml.) was treated with bromine (0-2 ml.), whereupon a crystalline solid 
was deposited. Solvent was removed by warming, and the red crystalline residue was triturated with 
dry ether, yielding the perbromide as an orange powder (2-27 g.; 97%), m. p. 179°. This substance 

the characteristics of a perbromide and reacted with hot acetone, yielding bromoacetone and 
the quaternary bromide. The latter crystallised from dry methyl cyanide in colourless needles, m. p. 203° 
(Found: C, 41-0; H, 3-1; N, 11-7; Br, 23-4. C,,H,,O,N,Br requires C, 42-4; H, 2-9; N, 12-3; Br, 23-5%). 

The quaternary bromide (0-5 g.) in pyridine (5 ml.) was refluxed for one hour with quinol monomethyl 
ether (0-5 g.). After evaporation in a vacuum the residue was treated with dilute sodium hydroxide 
solution, and the diphenyl ether was filtered off and crystallised; m. p. and mixed m. p. 142°. 

The corresponding quaternary iodide was obtained from the corresponding toluene-p-sulphonate 
(1-8 g.) in warm water (10 ml.) by treatment with an aqueous solution of sodium iodide (2-¢ §- in 4 ml.). 
The deep orange platelets were recrystallised from water; m. p. 191° (decomp.) (Found: I, 32:4. 
C,,H,,0,N,I requires I, 32-8%). 

3 : 5-Dinitro-4-benzenesulphonyloxytoluene was prepared by treating -3 : 5-dinitro-p-cresol (5 g.) in 
water (10 ml.) containing sodium carbonate (0-5 g.) on a steam-bath with benzenesulphonyl chloride 
(1-3 ml.) while stirring. At the end of one hour the cooled reaction mixture was filtered, and the solid 
ester crystallised from glacial acetic acid as pale yellow plates (4-5 g.), m. p. 163° (Found: N, 8-4; 
S, 9-7. C,3;H,,0,N,S requires N, 8-3; S, 9-5%). The benzenesulphonyl ester was converted into the 
above diphenyl ether by treatment with pyridine and quinol monomethy] ether in the usual fashion. 

2: 6-Dinitro-4'-hydroxy-4-methyldiphenyl Ether.—N-(2:6-Dinitro-4-methylphenyl)pyridinium toluene- 
p-sulphonate (0-5 g.) was refluxed in pyridine for one hour with quinol (0-5 g.), and the cooled solution 
poured into water. The insoluble, rather gummy solid was crystallised from Oe petrol, 
giving yellow needles (0-2 g.; 60%), m. p. 166° (Found: C, 53-1; H, 3-6; N, 91. C,,;H,,O,N, 
requires C, 53-8; H, 3-45; N, 9-6%). 

2: mney pee ype, tr Ether.—3 : 5-Dinitro-p-cresol (5 g.), toluene-p-sulphonyl chloride (5 g.), 
and pyridine (20 ml.) were heated in an oil-bath to 110° for one hour. Phenol (20 g.) was added, and the 
mixture heated at 180—190° for 3 hours. The cooled melt was poured into dilute sodium hydroxide 
solution, and the precipitated solid was filtered off and crystallised from alcohol, forming yellow lances 
(yield 60%), m. p. 134° (Found: C, 57-0; H, 3-7; N, 10-4. C,,;H,,O,N, requires C, 56-9; H, 3-6; 
N, 10-2%). 

N-(2 : 6-Dinitro-4-methylphenyl)pyridinium toluene-p-sulphonate (0-43 g.) was treated with phenol 
(0-4 g.) in liquid ammonia (25 ml.). After evaporation of the solvent the product was worked up by the 
usual procedure; m. p. and mixed m. p. 134° (0-21 g.; 78%). 

2 : 6-Dinitro-4: 4’-dimethyldiphenyl Ether.—The foregoing toluene-p-sulphonate (2-5 g.) was refluxed 
for 30 minutes in pyridine with p-cresol (2 g.). The cooled solution was poured into dilute sodium 
hydroxide solution, and the precipitated ether filtered off and crystallised from alcohol, giving yellow 
prisms (1-3 g.; 78%), m. p. 106—107° (Found : C, 58-3; H, 4-4; N,9-9. C,,H,,0,N, requires C, 58-3; 
H, 4-2; N, 9-7%). 

2:6: 4’-Trinitro-4-methyldiphenyl Ether.—This was prepared exactly as above from the quaternary 
salt and p-nitrophenol. The product crystallised from benzene-light one as cream-coloured prisms 
(1-1 g.; 60%), m. p. 172° (Found : N, 13-3. C,;H,O,N; requires N, 13-2%). 

Methyl 3’ : 5’-Dinitro-4-(4’-methylphenoxy)benzoate.—N-(2 : 6-Dinitro-4-methylphenyl)pyridinium 
toluene-p-sulphonate (2 g.), methyl p-hydroxybenzoate (2 g.), and pyridine (10 ml.) were heated under 
reflux for 30 minutes, and the product worked up as usual. The ester crystallised from alcohol as bright 
yellow needles (1-2 g.; 78%), m. p. 137° (Found : C, 54-7; H, 3-9; N, 8-6. C,,;H,,0,N, requires C, 54-3; 
H, 3-6; N, 85%). 

Methyl 3 : 5-Dinitro-4-(4'-methoxyphenoxy)benzoate.—Methy] 4-chloro-3 : 5-dinitrobenzoate (1 g.) was 
added to pyridine, in which it dissolved giving a deep red solution from which the quaternary 
salt separated. Quinol monomethy]l ether (1 g.) was added, and the mixture heated under reflux for 
30 minutes. The cooled solution was poured into dilute alkali and the precipitated solid crystallised 
from alcohol as bright yellow needles (0-4 g.), m. p. 129°, identical with the substance prepared (Part I) 
by a different method. . 

3 : 5-Dinitro-4-(4’-methoxyphenoxy)benzaldehyde.—4-Chloro-3 : 5-dinitrobenzaldehyde (6-9 g.), quinol 
monomethyl ether (3-72 g.), potassium hydroxide (1-68 g.), and water (24 ml.) were heated to 140° in an 
oil-bath for 2 hours. After cooling, the mixture was extracted with chloroform, the extract evaporated, 
and the residue crystallised from aqueous acetic acid, forming bright yellow needles (6-8 g.; 70%), m. p. 
109° (Found : C, 53-3; H, 2-9; N, 8-6. C,,H,,O,N, ——— C, 52-8; H, 3-2; N, 8-8%). 

4-Chloro-3 : 5-dinitrobenzaldehyde (1-15 g.) was dissolved in dry benzene (15 ml.) and pure anhydrous 
pyridine (0-5 ml.) was added dropwise to the solution with shaking. The precipitated N-(2 : 6-dinitro-4- 
formylphenyl)pyridinium chloride was filtered off at the end of one hour (1-3 g.; 80%); m. p. 80° 
(decomp.) (Found: N, 12-9. C,,H,O,N,Cl,H,O requires N, 12-8%). The buff-coloured chloroplatinate 
had m. p. 256° (Found : N, 8-8; Pt, 20-1. Cael 1¢Or9N Cl Pt requires N, 8-8; Pt, 20-4%). 

The diphenyl ether was prepared from 3: 5-dinitro-4-chlorobenzaldehyde (0-58 g.) and quinol mono- 
methyl ether (0-92 g.) in anhydrous pyridine by shaking for 26 hours at room temperature. The solution 
was diluted with chloroform and washed with acid and water. The dried chloroform solution was 
evaporated in a vacuum, the residue dissolved in ethyl alcohol, and the solution treated with an acid 
solution of 2: 4-dinitrophenylhydrazine. The yellow dinitrophenylhydrazone which separated was 
filtered off, washed, and dried (0-88 g.; 70%), m. p. 249—250° (Found: N, 16-6. C,,H,,O,9N, requires 
N, 16-8%). The m. p. was not depressed on admixture with the derivative of an authentic specimen of 
the diphenyl ether. 
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Methyl 3: 5-Di-iodo-4-toluene-p-sulphonyloxybenzoate.—Methy] 3: 5-di-iodo-4-hydroxy benzoate (4-04.) 
in pyridine (14 ml.) was treated portionwise with pores (Py ee chloride (2-2 g.) at 0° with stirring. 
After 2 hours, the mixture was diluted with water, and the insoluble product crystallised from ethyl 
acetate, ars colourless triclinic prisms, m. p. 160° (Found: S, 5-4; I, 44-8. C,,;H,,0,1,S requires 
S, 5-7; 1, 45-6%). 

Solution of the above sulphonic ester (0-56 g.) in liquid sulphur dioxide in the presence of dry pyridine 
(0-08 ml.) gave after 4 hours pyridinium toluene-p-sulphonate (0-18 g.). This was isolated by evaporation 
of the solvent and extraction of the residue with water. The deliquescent salt crystallised from 


methyl cyanide-ether as thin transparent plates, m. B. 115—116-5° not depressed by the imen — 


y 
prepared from pyridine and toluene-p-sulphonic acid (Found: C, 57-2; H, 5-7; N, 5:1. C,,H,,0,NS 
requires C, 57-3; H, 5-2; N, 5-6%). 

2:6: 2’: 4’-Tetranitro-4-methyldiphenyl Ether.—1-Chloro-2 : 4-dinitrobenzene (4 g.) and 3 : 5-dinitro- 
p-cresol (3-96 g.) were dissolved in nitrobenzene (20 ml.) and dered potassium hydroxide (1-12 g.) and 
copper-bronze (0-15 g.) wereadded. The solvent was distilled off slowly while more was added to maintain 
the volume for a period of 1} hours. The nitrobenzene was then steam-distilled, and the non-volatile 
product was extracted from the cooled aqueous residue with chloroform. The dried extract was 
evaporated, and the residue distilled in a high vacuum as a yellow oil (2-8 g.; 38%), b. p. 40—60°/10™* mm. 
(Found: N, 14-9. C,,;H,O,N, requires N, 15-3%). 

The above tetranitro-compound (2-5 g.) was heated under reflux with pyridine (10 ml.) for 2 hours. 
Half of the pyridine was evaporated off in a vacuum, and the remainder on cooling deposited crystals, 
which were filtered off, ed with chloroform, and recrystallised from water or methyl cyanide, 
forming red prisms (1-6 g.; 52%), m. p. 229° (Found : C, 49-2; H, 3-0; N, 15-75. C.,H..ON, requires 
C, 48-8; H, 3-0; N, 15-8%). This N-(2 : 6-dinitro-4-methylphenyl)pyridinium 2 : 4-dinitrophenoxide gave 
a buff-coloured chloroplatinate, m. p. 239°, identical with ‘at eee from the toluene-p-sulphonate 
(p. S196) (Found: C, 31-0; H, 2-1; N, 9-0; Pt, 20-8. C,,H,,O,N,Cl,Pt requires C, 31-05; H, 2-2; 
N, 9-05; Pt, 21-0%). 

The same compound was obtained when 2 : 4-dinitrochlorobenzene (2-03 g.) and 2 : 6-dinitro-p-cresol 
(1-98 g.) were boiled in anhydrous — (5 ml.) for 2 hours. The cooled mixture was diluted with 
chloroform and the deposited solid collected and crystallised from methyl cyanide. 

The above quaternary salt (1-1 g.) and quinol monomethyl ether (0-93 g.) were heated in pyridine 
(5 ml.) for 14 hrs. The product after dilution with water was extracted into chloroform and the extract 
was washed successively with acid, alkali, and water. The residue after removal of chloroform from the 
dry extract crystallised from alcohol as yellow prisms (0-39 g.; 58%), m. p. 142—143°, not depressed 
by an authentic specimen of 2 : 6-dinitro-4’-methoxy-4-methyldipheny] ether. 

2 : 6-Dinitro-4-methyldiphenyl ether, m. p. and mixed m. p. 134°, was prepared in exactly the same 
way, phenol being used instead of quinol monomethy] ether. 

N-(2 : 6-Dinitro-4-methylphenyl)pyridinium Picrate.—Picryl chloride (2-48 g.) and 3: 5-dinitro-p- 
cresol (1-98 g.) were boiled with pyridine (5 ml.) for 2 hours. The cooled solution deposited a dark oil, 
from which the pyridine was decanted, and the oil was dissolved in hot water (30 ml.). The hot 
solution, after being decolorised with charcoal, was filtered through a thin pad of Kieselguhr and on 
cooling deposited red crystals (1-0 8-; 20%), m.p. 151°. The picrate recrystallised from alcohol—acetone 
as yellow needles, m. p. 156—158° (Found: C, 44:1; H, 2-5; N, 17-7. C,,gH,,0,,N, requires C, 44-3; 
H, 2-5; N, 17-2%). This salt on treatment with phenol and pyridine in the usual manner gave 
2 : 6-dinitro-4-methyldiphenyl ether in 33% yield; m. p. 134°. 

N-(2 : 4-Dinitrophenyl)pyridinium 2: 6-Dinitro-4-formylphenoxide.—3 : 5-Dinitro-4-hydroxybenz- 
aldehyde (2-12 g.) was heated for 2 hours in pyridine (7 ml.) with 2 : 4-dinitrochlorobenzene (2-03 g.). 
The cooled solution deposited the quaternary salt, which was filtered off, washed with chloroform, and 
crystallised from water or ethanol—acetone, forming clusters of yellow needles (3-7 g.; 81%), m. p. 
169—170° (Found: C, 46-7; H, 2-6; N, 15-3. C,,H,,0,.N, requires C, 47-3; H, 2-4; N, 15-3%). 
An identical quaternary compound arose on similar treatment of 4-chloro-3 : 5-dinitrobenzaldehyde and 
2 : 4-dinitrophenol. 

The quatern salt, when dissolved in aqueous alcohol and treated with chloroplatinic acid, gave 
2 : 4-dinitropheny 4 RE chloroplatinate, m. p. 210° (Found: N, 9-4; Pt, 21-7. Cale. for 
C,,H,,0,N,Cl,Pt: N, 9-3; Pt, 21-7%) (lit., m. p. 210°). 

2: 4-Dinitro-4-methoxydiphenyl Ether.—This was obtained when the above quaternary salt (0-92 g.) and 
quinol monomethyl ether (0-74 g.) were refluxed with pyridine (5 ml.) for 2 hours. The reaction mixture 
was diluted with chloroform and washed successively with acid, alkali, and water. The residue from the 
chloroform extract was crystallised from ethyl alcohol (0-31 g.; 58%); m. p. 110°, identical with an 
authentic specimen (lit., m. p. 110°). 

Picrylpyridinium 2 : 6-Dinitro-4-formylphenoxide.—Picryl chloride (2-48 g.) and 3: 5-dinitro-4- 
hydroxybenzaldehyde (2-12 g.) were boiled in pyridine for 2 hours. The product was worked up 
by dilution with chloroform in the usual fashion and crystallised from — acetate and acetone as yellow 
prisms (2-92 g.; 58%), m. p. 167°, which sublimed at 100°/10-* mm. (Found: N, 16-4. C,,H,,0,,N, 
requires N, 16-7%). The quaternary compound arose also on treatment of picric acid and 4-chloro-3 : 5- 
dinitrobenzaldehyde in a similar manner. 

N-(2: rt yeep tnd oo coat Ny aterm 2:4: 6-Trinitvophenoxide.—The corresponding quaternary 
chloride (0-81 g.) was dissolved in hot water (15 ml.) and a hot aqueous solution of picric acid (0-57 g.) 
was added; the precipitated compound (0-86 g:) was filtered off and crystallised from acetone-ethyl 
acetate; m. p. 167—168° (Found: N, 16-9. C,,H,,0,,N, requires N, 16-7%). An identical product 


was obtained on refluxing picrylpyridinium 2 : 6-dinitro-4-formylphenoxide for 1-5 hours in pyridine. 
This quaternary t was converted into 3: 5-dinitro-4-(4’-metho henonyjoonsaldhepde by 
treatment with quinol monomethy] ether in idine in the usual fashion. e aldehyde was isolated as 
the 2 : 4-dinitrophenylhydrazone in 78% yield; m. p. 248°. 
2:4: 6-Trinitrodiphenyl Ether—Picrylpyridinium chloride was prepared by treating a solution of 
picryl chloride (12-4 g.) in anhydrous benzene (75 ml.) with pyridine (5 ml.), added wise. The 
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quaternary chloride (15-4 g.; 95%) was filtered off; m. z 116—117°. This compound gave a chloro- 
geiese Pele T%). manner; m. p. 249—251° (Found : , 11-0; Pt, 19-2. C,,H,,0,.N,Cl,Pt requires 
) 
The ow b syrytfee- (4 SF lbp hot by ed (50 ml.) on treatment with a solution of 3 : 5-di- 
-Creso! g-) in water ( ) gave the are) ere salt pt Lyeaserenaal 2 : 6-dinitro-4- 

yer iphenoxide on cooling. The crude solid (2: 25 g 97 37%) crystallised ceyenitiins ee ane ht 1 as 
yellow needles, m. p. 219°, which could be sublimed ee 180°/10-> mm. (Found : N, 17: 172, WOuNe 
requires N, 17-2%). On treatment with chloro os acid the quaternary salt yielded picrylpyridinium 

chioroplatinate, m. p. and mixed m. p. 249—251° 

The above quaternary salt (0-98 g.) and phenol (0-56 g.) in boiling pyridine (5 ml.) gave 2 : 4: 6-tri- 
nitrodiphenyl ether which was isolated in the usual fashion (0-35 g. ; e %), m. p. 151—152°, and found 
to be identical with that described by Willgerodt (Ber., 1879, 12, 1278 

When the qua compound was refluxed for 1-5 hrs. in atochate pyridine a was obtained 
N-(2 : 6-dinitro-4-methylpheny])pyridinium picrate in 70% yield; m. p. and mixed m. p. 161°. 


Researcu Division, Glaxo LABORATORIES LIMITED, 
GREENFORD, MIDDLESEX. [Received, June 30th, 1948.]} 





S44. The Synthesis of Thyroxine and Related Substances. Part III. 
The Synthesis of Thyroxine from 2: 6-Dinitrodiphenyl Ethers. 


By E. T. Borrows, J. C. Clayton, and B. A. Hens. 


A synthesis of thyroxine in an overall yield of 14% is described, beginning with p-hydroxy- 
benzaldehyde and proceeding via a 2: 6-dinitrodiphenyl ether. Variations of this scheme, all 
following essentially similar routes, have been studied and are outlined. 


Ir was demonstrated in Part I (this vol., p. S187) that 2 : 6-diaminodiphenyl ethers can be 
tetrazotised and that iodine atoms can be substituted for the diazo-groups by means of the 
Sandmeyer reaction. 3: 5-Di-iodo-4-(4’-methoxyphenoxy)benzaldehyde was prepared and 
condensed with hippuric acid to give 2-phenyl-4-(3’ : 5’-di-iodo-4’-p-methoxyphenoxybenzyl- 
idene)oxazol-5-one, a compound previously obtained by Harington and Barger (Biochem. J., 
1927, 21, 169) by a different route, and this could be converted into thyroxine by the known 
method. As the yield of the above aldehyde was unsatisfactory, an attempt was made to 
prepare this oxazolone beginning with 3 : 5-dinitro-4-(4’-methoxyphenoxy) benzaldehyde (I), an 
intermediate readily available by the methods described in Part II. The oxazolone (II), pre- 
pared from (I) in the usual manner, was reduced catalytically in glacial acetic acid solution, 
10% palladised charcoal being used as catalyst. The uptake of hydrogen indicated that satur- 
ation of the ethylenic linkage, as well as reduction of both nitro-groups, had taken place, but 
all attempts to isolate the diamine as such or as a salt proved unsuccessful, the materials being 
extremely unstable and deteriorating rapidly. Furthermore, tetrazotisation by addition of 
the freshly prepared diamine solution to a solution of nitrosylsulphuric acid and treatment of 
the mixture with iodide solution proved equally unpromising, no di-iodo-compound being 
isolated. 

Attention was then directed to the condensation of the aldehyde (I) with hydantoin, morph- 
oline being used as the catalyst, this base having proved useful for the similar condensation 
with p-hydroxybenzaldehyde (Part I). Although a reaction appeared to occur, unchanged 
hydantoin was recovered, and it was found that the diphenyl ether (I) was readily cleaved by 
morpholine to give 3 : 5-dinitro-4-morpholinobenzaldehyde, a characteristic instability exhibited 
by polynitrodiphenyl ethers (Ungnade, Chem. Reviews, 1946, 38, 413). 

For similar reasons other bases were unsuitable as condensing agents. Condensation underacid 
conditions was more successful; the hydantoin (III) was prepared in 20% yield in glacial acetic 
acid containing sodium acetate, though only very poor yields were obtained with zinc chloride 
as catalyst. The hydantoin (III) could be reduced catalytically to 5-(3’ : 5’-diamino-4’-p- 
methoxyphenoxybenzyl)hydantoin (VIII; R’ = OMe), which was unstable but could be 
isolated and characterised as its monohydrochloride. The feasibility of this approach established, 
it was necessary to investigate alternative methods for the preparation of (VIII; R’ = OMe), 
which could be obtained only in unsatisfactory yield by the above procedure. 

A synthesis of thyroxine beginning with tyrosine would have many advantages; one of 
the most important is the possibility of synthesising L-thyroxine from L-tyrosine, the con- 
figurational relationship between the two amino-acids having been proved by Canzanelli, 
Harington, and Randall (Biochem. J., 1934, 28, 68). As it was desirable to have a protected 
alanine side chain in the first instance, the nitration of 5-p-hydroxy-benzyl- and -benzylidene- 
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hydantoins was examined. Nitration of the latter in cold nitric acid containing urea gave a 
mononitro-derivative but further nitration could not be effected, nor did nitration of 5-(4’- 
toluene-p-sulphonyloxybenzylidene)hydantoin give the required dinitro-compound. Portionwise 
addition of 5-p-hydroxybenzylhydantoin to concentrated nitric acid at 0° yielded mainly 
§-(3’-nitro-4’-hydroxybenzyl)hydantoin, but when the nitration was carried out at 25—30°, 
and the mixture kept at this temperature for two hours, the dinitro-compound (V) was 
obtained in 83% yield. These compounds were identical with those prepared by Johnson 
and Kohmann (Amer. Chem. J., 1915, 87, 1881, 2170) by desulphurization of the thiohydantoins 
obtained from the corresponding nitrotyrosines. 
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The compound (V) was converted into its toluene-p-sulphonyl derivative (VI) in the usual 
manner in dilute alkaline solution, and this ester, when heated with quinol monomethyl ether 
in pyridine solution, gave 5-(3’ : 5’-dinitro-4’-p-methoxyphenoxybenzyl)hydantoin (VII; R’ = 
OMe). The pyridinium quaternary salt known to be an intermediate in reactions of this type 
(see Part II) was not isolated, and it was later found that the isolation of the toluene-p-sulphonyl 
ester was also unnecessary, the required diphenyl ether being obtained directly and in good 
yield on heating (V) with pyridine, toluene-p-sulphonyl chloride, and quinol monomethyl 
ether; (VII; R’ = OMe), prepared by this method, has proved to be the most convenient 
intermediate in the synthesis of thyroxine from substituted 2: 6-dinitrodiphenyl ethers; the 
corresponding hydroxy-compound (VII; R’ = OH) (see p. S 201) was less satisfactory. 

Attempts were also made to replace the hydroxyl group of (V) by chlorine, with a view 
to condensation with quinol monomethyl ether by the usual Ullmann reaction (cf. Ullmann 
and Sponagel, Ber., 1905, 38, 2211), but none of the methods examined was of any avail and 
the chloro-compound could not be obtained. 

The application of quaternary derivatives of type (XIII) to the preparation of diphenyl 
ethers was described in the preceding paper, but it was found that 1-chloro-2 : 4-dinitrobenzene 
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reacted with (V) and pyridine to give the quaternary salt (XIII), which failed to form a diphenyl 
ether with quinol monomethyl ether and also failed to give a chloroplatinate. The required 
quaternary compound (XV) obtained by metathesis between (XIV) and 2: 4-dinitrophenol 
yielded the diphenyl ether (VII; R’ = OMe) on treatment with quinol monomethyl ether and 
readily formed a chloroplatinate. 


NO, NO, ]* _NO, 
(Vv) + NOK Cl ——> ersten, [py-<yno,| RYO RK 0 3 
(XIIL.) 
+ 
(Vv) + CH »s0,c1 ee [><] CHK ~ sor 
(xIV.) 
NO, “ 
Nox you ww 
= + _NO, 
><> AS NOK }0 
(XV.) 


The dinitro-compound (VII; R’ = OMe) was catalytically reduced in the usual manner 
and the monohydrochloride of the resulting unstable diamine proved to be identical with that 
of the compound (VIII; R’ = OMe) described above. The diamine was further characterised 
by preparation of a triacetyl derivative. Addition of a solution of the freshly prepared diamine 
in acetic acid (cf. Hodgson and Walker, J., 1935, 530) or phosphoric acid (cf. Schoutissen, 
J. Amer. Chem. Soc., 1933, 55, 4535) to a cooled stirred solution of nitrosylsulphuric acid in 
concentrated sulphuric acid gave a solution of the tetrazonium compound, which on dropwise 
addition to a solution of potassium tri-iodide yielded crude 5-(3’ : 5’-di-iodo-4’-p-methoxy- 
phenoxybenzyl)hydantoin (IX; R’ = OMe). 

The purification of this material proved laborious, until it was demonstrated that traces 
of impurities arising in the reduction stage were complicating the isolation. The problem 
was resolved either by ensuring that complete catalytic reduction was effected by hydrogen- 
ation at an elevated temperature in an autoclave or by the use of the isolated diamine hydro- 
chloride. In this way the purification of the di-iodo-compound (IX; R’ = OMe) was greatly 
simplified and the yield substantially increased. The diamine could also be tetrazotised by 
treatment with an acetic acid solution of amyl nitrite in concentrated sulphuric acid solution, 
but the yield of di-iodo-compound (IX; R’ = OMe) was poorer than when nitrosylsulphuric 
acid was employed. No di-iodo-compound was obtained on treatment of the diamine (VIII; 
R’ = OMe) in aqueous sulphuric acid with aqueous sodium nitrite and subsequent addition 
of the mixture to iodide solution. 

Demethylation of (IX; R’ = OMe) to 5-(3’ : 5’-di-iodo-4’-p-hydroxyphenoxybenzyl) hydantoin 
(IX; R’ = OH) was carried out, at first, by refluxing the material with a mixture of acetic 
acid and 48% hydrobromic acid solution, fission being complete after six hours. Demethyl- 
ation was also effected in one hour if the hydrobromic acid was replaced by 57% hydriodic acid, 
and further heating with the latter yielded some 3 : 5-di-iodothyronine (X) as well as (IX; 
R’ = OH). Since, however, polarographic analysis (cf. Part IV) indicated rupture of the 
diphenyl ether linkage under these conditions, examination of this method of hydrolysing the 
hydantoin was not pursued. 

A possible simplification of the preparation of (IX; R’ = OH) from (V) would be the use 
of quinol instead of its monomethyl ether. It was demonstrated in Part II that quinol will 
form a diphenyl ether when it reacts with the pyridinium quaternary derivative of 3 : 5-dinitro- 
4-toluene-p-sulphonyloxytoluene, and by a parallel procedure (VII; R’ = OH) was readily 
obtained from (VI), but was accompanied by a small amount of non-phenolic by-product, for 
which the structure (XII) is suggested. Here again, conversion of (V) into (VII; R’ = OH) 
could be carried out directly, without isolation of the intermediate toluenesulphonyl ester or 
quaternary salt. An attempt to prepare (VII; R’ = OMe or OH) by condensation in liquid 
ammonia as solvent yielded only 5-(3’ : 5’-dinitro-4’-aminobenzyl)hydantoin, the same compound 
being obtained on treatment of (VII; R’ = OMe or OH) with liquid ammonia. This amine 
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failed to form a hydrochloride, as might be expected from the presence of two o-nitro-groups, 
and it was characterised by the preparation of its di- and tri-acetyl derivatives. 

Compound (VII; R’ = OH) was reduced catalytically, and the diamine (VIII; R’ = OH) 
was isolated as a stable crystalline compound, containing one molecule of acetic acid of crystal- 
lisation, and was characterised by the formation of a dibenzoyl derivative. The tetrazotisation 
and subsequent Sandmeyer reaction proceeded normally to yield a di-iodo-compound (IX; 
R’ = OR), identical with that obtained by demethylation of (IX; R’ = OMe). 

Alkaline hydrolysis by dilute sodium hydroxide solution converted (IX; R’ = OH) into 
3 : 5-di-iodothyronine (X), the yield of the latter improving with increase in time of heating, 
reaching a maximum after 15 hours. Stainless-steel vessels were employed for the hydrolysis, 
glass vessels being obviously unsuitable, whilst copper caused complete decomposition of the 
materials, 

Originally, Harington and Barger (Biochem. J., 1927, 21, 169) iodinated 3 : 5-di-iodothyronine 
(X) by n-iodine solution in concentrated aqueous ammonia, to give thyroxine (XI) in 50% 
yield. Later (ibid., 1928, 22, 1429), Harington stated that the yield of thyroxine was increased 
to 70—80% by employing more concentrated solutions of iodine. In the present authors’ 
experience, however, high yields of (XI), identical in all respects with an authentic specimen, 
were achieved by using N-iodine solution, thus avoiding the formation of large quantities of 
nitrogen tri-iodide, which reacts only slowly. 

The yield of (XI) from p-hydroxybenzaldehyde via (VII; R’ = OMe), 2.e., by use of quinol 
monomethyl ether, was 14%. 


EXPERIMENTAL. 


2-Phenyl-4-(3’ : 5’-dinitro-4’-p-methoxyphenoxybenzylidene)oxazol-5-one.—3 : 5-Dinitro-4-(4’-methoxy- 
phenoxy benzaldehyde (3 g.), sodium acetate (5 g.), and hippuric acid (1-9 g.) were heated on a steam- 

th with acetic anhydride (15 ml.) for 15 minutes. The mixture was cooled, diluted with water, and 
kept until excess of acetic anhydride was destroyed. The solid was filtered off, dried, and crystallised 
from benzene-eth x alcohol, forming bright yellow needles, m. p, 194° (2 g.; 45%) (Found: C, 60-0; 
H, 3-5; N, 8-8. C,,H,,0,N; requires C, 59-9; H, 3-3; N, 9-1%). 

The corresponding benzylidenehydantoin was obtained when the above aldehyde (2 g.), hydantoin 
(0-7 g.), sodium acetate (2-5 g.), glacial acetic acid (20 ml.), and acetic anhydride (3 drops) were heated 
under reflux for 3 hours and the cooled mixture diluted with water (20 ml.). After standing for some 
hours, the deposited crystals were filtered off and crystallised from glacial acetic acid, giving pale yellow 
needles, m. p. 290° (0-5 g.; 20%) (Found: C, 50-7; H, 3-0; N, 13-6. C,,H,,0,N, requires C, 50-1; 
H, 3-0; N, 14-:0%). 

3: 5-Dinitro-4-morpholinobenzaldehyde. —3 : 5-Dinitro-4-(4’-methoxyphenoxy)benzaldehyde (0-5 g.) 
was treated with morpholine (1 ml.), an exothermic reaction setting in. The mixture was heated for 
a short time on the water-bath, and the cooled reaction mixture treated with dilute hydrochloric acid. 
The insoluble green solid was crystallised from glacial acetic acid, forming yellow needles, m. p. 148— 
149° (Found: C, 47-2; H, 4:0; N, 14:3. C,,H,,0O,N, requires C, 46-8; H, 3-9; N, 15-0%). 

5-(3’-Nitro-4’-hydroxybenzylidene)hydantoin. —5-4’- -Hydroxybenzylidenehydantoin (5 g.) was added 
to a stirred solution of nitric acid (50 ml.) containing a little urea, while the temperature was kept at 
15°. An immediate yellow precipitate formed and the mixture was poured into a large volume of ice- 
water. The precipitate was filtered off, washed with water, dried, and recrystallised from a large 
volume of tetrachloroethane, giving a zellow pos rae (2 g-, ee : Br 318°. It could also be crystal- 
lised from 50% acetic acid (Foun 48-6; ; N, 16-8. C,.H,O,N, requires C, 48-1; H, 2-8; 
N, 16-9%). 

bToluene-p-sul Spon pop tee a agree comamgrcn —5-4’-Hydroxybenzylidenehydantoin (1 g.) was sus- 
pended in water (10 ml.) containing toluene-p-sulphonyl chloride (0-93 g.). The mixture was heated 
on the steam-bath while sodium carbonate (0:26 g.) was added in small portions. A white precipitate 
formed and the heating was continued for a further 2 hours. After cooling, the precipitate was filtered 
off, washed with water, -_ = crystallised from alcohol; m. p. 242—243° (1-2 g., 70%) (Found 
C, 57-0; H, 3-9; N, 7-7; S, 9 140,N,S requires C, 57-0; H, 3-9; N, 7-8; S, 9-0%). 

5-(3": D Dustin 4’ hpdeonpbonsyiiytontote- he concentrated nitric acid (800 ml.; d 1-42), main- 
tained at 25—30°, finely powdered 5-(4’-hydroxybenzyl)hydantoin (240 g.) was slowly added with 
mechanical stirring, which was continued for 2 hours after the end of the addition; the mixture was 
then poured into water (41.), and the crystalline material filtered off and dried at 100°; m. p. 235—236° 
(decomp.) (270 g.; 80%). Itrecrystallised from glacial gots acid as is: prisms, m. p. 240° (decomp.) 
(Found : C, 40-8; H, 2-6; N, 18-5. Calc. for C,,H,O,N,: C, 40-5; 2-7; N, 18-9%). 

The above dinitro-compound (200 g.) in water (800 ml.) was treated with sodium Senenntn (40 g.) 
in aqueous solution and was converted into its toluene-p-sulphonyl ester by treatment with finely ground 
toluene-p-sulphonyl chloride (115 g.), which was added portionwise with stirring until the reaction 
mixture became colourless.. After cooling, the mixture was filtered and the product washed with 
2n-sodium carbonate solution to remove unchanged starting material, and then with water. The 
ester was dried at 60—70°, and crystallised from glacial acetic acid as white ary m. p. 218° (180 g.) 
(Found: C, 45-8; H, 3-2; S, 6-9; N, 12-6. C,,H,,0,N,S requires C, 45-3; H, 3-1; S, 7-1; N, 12-5%). 

5-(3’ : 5'-Dinitro-4’-p-methoxyphenoxybenzyl)hydantoin. —({1) The tosyl ester (200 g.) and quinol 
monomethyl ether (200 g) .) were dissolved in pyridine (1500 ml.), and the mixture heated under reflux 
for 1} hours. The pyridine was then removed in a vacuum, and the residual gum dissolved in hot 
glacial acetic acid (800 ml.); water (1 1.) was added, and the product allowed to crystallise. It was 
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filtered off, Suen washed with water, and dried at 100° (148 g.; 83%). ee from 
aqueous acetic acid afforded bright yellow needles, m. p. 235° (decomp.) (Found: C, 50-75; H, 3-8; 
N, 13-9. C,,H,,0,N, requires C, 50:7; H, 3-5; N, 139%). (2) 5-(3’ : 5’-Dinitro-4’-hydroxybenzyl)- 
hydantoin (20 g.) and toluene-p-sulphonyl chloride (14 g.) were dissolved in — (50 ml.), and the 
solution refluxed for ten minutes. Quinol monomethyl ether (20 g.) in pyridine (20 ml.) was added, 
and the mixture refluxed for one hour. After cooling, the product was isolated as in (1) (15-2 g.; 56%). 

When the above diphenyl ether (2 g.) was dissolved in liquid ammonia (20 ml.), and the solution 
set aside overnight and then evaporated, the residue crystallised from glacial acetic acid as bright 
yellow prisms, m. p. 289—290° (1-3 g.), and was found to be 5-(3’ : 5’-dinitro-4’-aminobenzyl)hydantoin 
(Found: C, 40-6; H, 3-4; N, 23-4. C,,H,O,N, requires C, 40-7; H, 3-1; N, 23-7%). The triacetyl 
derivative was prepared by refluxing the compound (2 g.) with acetic anhydride (10 ml.) and concen- 
trated sulphuric acid (2 drops) for 10 minutes. It crystallised from aqueous acetic acid; m. p. 206° 
(2g.) (Found: C, 45-5; H, 4-0; N, 16-9. C,,H,,0,N, requires C, 45-6 ; H, 3-6; N, 16-6%). From the mother- 
liquors, a small amount of diacetyl derivative crystallised as yellow lances, m. p. 208° (Found: C, 44-3; . 
H, 3-4; N, 183. C,,H,,0,N, requires C, 44-3; H, 3-4; N, 18-5%). 

5-(3’ : 5’-Di-iodo-4’-p-methoxyphenoxybenzyl)hydantoin.—The dinitro-compound (50 g.), dissolved in 
glacial acetic acid (225 ml.), was reduced in an autoclave at 80° and 80 atm. pressure with palladised 
charcoal (5 g.) as catalyst. The solution, after removal of catalyst by filtration, was evaporated in a 
vacuum to a gum, and the residue dissolved in phosphoric acid (400 ml.). This solution was added 
dropwise to a cooled, stirred solution of sodium nitrite (20 g.) in concentrated sulphuric acid (400 ml.). 
One hour after the end of the addition the tetrazonium salt solution was slowly added to a vigorously 
stirred solution of potassium iodide (55 g.) and iodine (55 g.) in water (900 ml.). A vigorous evolution 
of gas took place and a brown tarry precipitate was deposited. After being kept overnight, the solid 
was filtered off and purified either by successive washings with boiling 10% sodium iodide solution 
or by treatment with a large excess of cold 5% sodium hydrogen sulphite solution. The crude brown 
solid crystallised from glacial acetic acid as brown crystals, m. p. 150° to resolidify and remelt at 213° 
(36-5 g.; 52%). 

The substance was further purified by passage of an acetone solution down a column of active 
alumina and precipitation of the product by addition of water to the filtrate. The solid recrystallised 
from glacial acetic acid as minute white gong m. p. 213—214° (Found: C, 36-7; H, 2-8; N, 5-0; 
I, 44-9. C,,H,,0,N,I, requires C, 36-2; H, 2-5; N, 4-95; I, 45-0%). 

Characterisation of 5-(3’ : 5’-Diamino-4’-p-methoxyphenoxybenzyl)hydantoin.—The dinitro-compound 
(1 g.) was reduced in acetic acid solution exactly as described above, and the residue after removal of 
the solvent was taken up in acetic anhydride (15 ml.). The mixture was heated just to boiling and kept 
overnight; a white solid was deposited, and this was filtered off and recrystallised from aqueous ‘‘Cello- 
solve”; white prisms, m. Eg 193—194° (0-64 g.). Elementary analysis identified it as the triacetyl deriv- - 
ative (Found: C, 58-4; H, 5-3; N, 11-9. H,,0,N, requires C, 59-0; H, 5-1; N, 11-9%). 

The dinitro-compound (2 g.) and palladised charcoal (0-5 g.), suspended in glacial acetic acid (40 ml.), 
were shaken in an atmosphere of hydrogen until the uptake of the latter was complete. The catalyst 
was filtered off and the residue, after removal of the solvent in a vacuum, was dissolved in a little 
alcohol. Hydrogen chloride was passed in, and the monohydrochloride crystallised out as white prisms, 
m. p. 245° (decomp.) (1-7 g.; 90%) (Found : C, 53-6; H, 5-2; N, 15-1; Cl, 8-75. C,,H,,0,N,Cl requires 
C, 54:0; H, 5-0; N, 14-8; Cl, 9-35%). 

2:4-Dinitrophenylpyridinium Salt of 5-(3’ : 5’-Dinitro-4’-hydroxybenzyl)hydantoin.—1-Chloro-2 : 4- 
dinitrobenzene (2-0 g.) was refluxed in anhydrous pyridine (5 ml.) for 2 hours with 5-(3’ : 5’-dinitro-4’- 
hydroxybenzyl)hydantoin (2-96 g.). The hot reaction mixture was diluted with boiling water (30 ml.), 
treated with charcoal, and filtered through kieselguhr. The filtrate on cooling deposited orange-red 
needles, m. p. 244° (1-65 g.; 30%), which were recrystallised from either water or methyl cyanide 
(Found: N, 18-5. C,,H,,0,,N, requires N, 18-2%). The salt could be sublimed at 220° in high vacuum 
but gave neither a chloroplatinate nor a diphenyl ether under the usual conditions. 

-(2 : 6-Dinitro-4-5’-hydantoinylmethylphenyl)pyridinium Toluene-p-sulphonate.—5-(3’ : 5’-Dinitro-4’- 
toluene-p-sulphonyloxybenzyl)hydantoin (4-5 g.) was dissolved in anhydrous pyridine (20 ml.) and 
kept at room temperature for 10 minutes. Addition of éther caused precipitation of a white hygro- 
scopic solid (3-8 g.; 76%), which could be crystallised from ethyl alcohol but was very deliquescent on 
exposure to air. The compound - a chloroplatinate, m. p. 219°, from aqueous ethyl alcohol (Found : 
N, 12-2; Pt, 16-7. C,,H,,0,.N,,Cl,Pt requires N, 12-4; Pt, 17-3%). 

The above toluenesulphonate (0-5 g.) was dissolved in cold alcohol and 2: 4-dinitrophenol (0-18 g.) 
was added. Slow addition of ether precipitated a solid which was filtered off and washed with ether. 
The product, which was the 2: 4-dinitrophenoxide corresponding to the above toluene-p-sulphonate, 
rapidly took up moisture on exposure to air. On treatment with chloroplatinic acid it gave the above 
chloroplatinate. 

The above quaternary 2: 4-dinitrophenoxide (0-27 g.) was. boiled for one hour in pyridine (3 ml.) 
with quinol monomethyl ether (0-19 g.). The cooled solution was diluted with water, acidified, and 
extracted with ethyl acetate. The extract was washed, dried (MgSO,), and evaporated to dryness. 
The residue crystallised from aqueous acetic acid as small yellow prisms, m. p. 231° not depressed on 
admixture with an authentic — of 5-(3’ : 5’-dinitro-4’-p-methoxyphenoxybenzyl)hydantoin. 

5-(3’ : 5’-Dinitro-4’-p-hydroxyphenoxybenzyl)hydantoin.—5-(3’ : 5’-Dinitro-4’-toluene-p-sulphonyloxy- 
benzyl)hydantoin (10 g.), quinol (10 g.), and pyridine (100 ml.) were refluxed in an oil-bath at 140° for 
one hour. The pyridine was completely removed by evaporation in a vacuum and the residual gum 
was triturated with glacial acetic acid. The soluble portion was filtered off, and the filtrate treated 
with charcoal and diluted with water. The product was filtered off and crystallised from acetic acid, 
giving pale yellow prisms, m. p. 242° (4-2 g.; 49%) (Found: C, 49-7; H, 3-4; N, 14-1. C,,H,,O,N, 
requires C, 49-5; H, 3-1; N, 144%). The solid fraction insoluble in acetic acid, crystallised from 
pyridine-ether, had m. p. above 260° (1-9 g.); it is thought to be the triphenyl diether (XII) (Found : 
C, 46-6; H, 3-1; N, 16-2. C,,H,,0,,N, requires C, 46-8; H, 2-7; N, 168%). 
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5-(8’ : 5’-Diamino-4’-p-hydroxyphenoxybenzyl)hydantoin.—The above dinitro-compound (2 g.), sus- 
pended in glacial acetic acid (20 ml.), was reduced with palladised charcoal in the usual manner. The 
reduction mixture was boiled to redissolve the product which had separated out during reduction and 
filtered from catalyst. On cooling, the product (1 g.) crystallised as white needles, m. p. 244°, a second 
crop being obtained from the concentrated rg age The total yield was 1-4 g. (70%), and the 
substance was solvated (Found: C, 55-7; H, 5-0; N, 14-4. C,,H,,0,N,,CH,°CO,H requires C, 55-8; 
H, 5-2; N, 14-4%). 

A benzoyl derivative was prepared as follows: Benzoyl chloride (0-7 g.) was added dropwise to a 
solution of the material (1 g.) in dry pyridine (10 ml.). After one hour the mixture was poured into a 
large volume of water, and the precipitated oil induced to crystallise by scratching. The separated 
solid crystallised from ethyl alcohol as cream needles, m. p. 252—253° (decomp.) (0-8 g.). Elementary 
analysis identified it as the dibenzoyl derivative (Found: C, 67-5; H, 4:3; N, 10-1. C,.H,O,N, 
requires C, 67-2; H, 4-5; N, 10-4%). 

5-(3’ : 5’-Di-todo-4’-p-hydroxyphenoxybenzyl)hydantoin (3 : 5-Di-todothyroninehydantoin).—To a mix- 
ture of glacial acetic acid (135 ml.) and 57% hydriodic acid (135 ml.), the methoxy-compound (45 g.) 
was added, and the whole heated gently under reflux. All quickly went into solution, and after about 
10 minutes the product began to crystallise. At the end of one hour the mixture was allowed to cool 
and the white solid was filtered off (38-3 g.; 85%). It was recrystallised with some difficulty from aqueous 
“‘Cellosolve’’, and the decomposition temp. varied with different batches from 228° to 245° (Found : 
C, 35-0; H, 2:3; N, 4:9. C,,H,,0,N,I, requires C, 35-0; H, 2-2; N, 5-1%). 

3 : 5-Di-iodothyronine.—The foregoing Aydantoin (30 g.) was dissolved in 2n-sodium hydroxide 
solution (600 ml.), and the solution gently heated under reflux in a stainless-steel pot for 15 hours. 
After cooling, the solution was acidified with glacial acetic acid, and after some hours’ standing the 

recipitated solid was filtered off and dissolved in ethyl alcohol (300 ml.) containing a little concentrated 
fydrochloric acid (50 ml.). The boiling solution was treated with charcoal, filtered, and diluted with 
an equal volume of boiling water; then a boiling saturated solution of sodium acetate was added (ca. 
200 ml.) until the solution was alkaline to Congo-red paper. On standing, beautiful silver shining 
plates were wee (19-7 g.; 69%), m. p. 256° (Found: C, 33-0; H, 3-0; N, 2-6; I, 45-1, 47-2. Calc. 
for C,,H,,0,NI,: C, 34:3; H, 2-5; N, 2-7; I, 48-3%. Calc. for C,,H,,0,NI,,H,O: C, 33-15; H, 2-8; 
N, 2-6; I, 46-8%). 

Thyroxine.—To a solution of 3: 5-di-iodothyronine (10-5 g.) in concentrated ammonia (d 0-91; 
100 ml.), a solution of iodine in potassium iodide (1-85n; 43-2 ml.) was added dropwise with vigorous 
stirring. Stirring was continued for one hour after the end of the addition, and the mixture was then 
kept in the refrigerator overnight. The ammonium salt was filtered off, and redissolved in alcohol 
containing a little 2N-sodium hydroxide solution. Acidification with acetic acid precipitated the 
thyroxine, which was recrystallised by solution in ethyl alcohol (500 ml.) containing concentrated 
hydrochloric acid (20 ml.) and reprecipitation as minute white crystals on addition of a saturated 
solution of sodium acetate until the solution was alkaline to Congo-red. The thyroxine was filtered 
off, washed with alcohol and ether, and dried at 100° (11-2 g.; 73%), m. p. 233—234° (decomp.) (Found: 
C, 23-15; H, 1-8; N, 1°8; I, 62-2, 64-5. Calc. for C,,H,,O,NI,: C, 23-2; H, 1-4; N, 1-8; t 65-4%). 
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S45. The Synthesis of Thyroxine and Related Substances. Part IV. 
Polarographic Determination of Thyroxine. 


By E. T. Borrows, B. A. Hems, and J. E. Pace. 


A polarographic procedure for the determination of small amounts of thyroxine in iodinated 
casein preparations been developed. The polarographic behaviour of 23 related aromatic 
iodo-compounds was examined and the conditions for the hydrolysis of iodinated casein have 
been studied. It is shown that chemical methods for the determination of thyroxine based 
on Leland and Foster’s butanol extraction procedure give high results. 


In Part I (this vol., p. S 185) we stated our intention to study the preparation of thyroxine by : 
(a) chemical synthesis, and (b) oxidation of 3 : 5-di-iodotyrosine and its derivatives, both free and 
when bound in proteins. For work on the latter problem a reliable method was needed for 
estimating small quantities of thyroxine in the presence of excess of 3 : 5-di-iodotyrosine and 
other iodo-amino-acids. 

The various biological, chemical, and physical methods proposed for the determination of 
thyroxine have been critically examined. The xenopus tadpole test developed by Deansley and 
Parkes (J. Endocrin., 1944—6, 4, 324) was studied in our Pharmacology Unit; it was not possible 
to attain the accuracy claimed, and the test will not be discussed in this paper. 

In Kendall’s original chemical method (J. Biol. Chem., 1914, 19, 251) the total iodine in 
desiccated thyroid glands was determined and considered to be a measure of thyroid activity. 


Harington and Randall (Quart. J. Pharm., 1929, 2, 501), however, showed that desiccated 
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thyroid powder contained appreciable quantities of di-iodotyrosine and that, by subjecting the 
powder to mild alkaline hydrolysis and acidifying the hydrolysate, two fractions, a soluble 
fraction containing di-iodotyrosine and an insoluble one containing thyroxine, could be obtained. 
An iodine determination on the latter fraction was believed to constitute a reliable thyroxine 
assay. Doery (ibid., 1945, 18, 384), who used the method for thyroid tablets containing lactose, 
found that the reliability of the method depended on a compromise between loss of thyroxine in 
the acid and deposition of some di-iodotyrosine on the precipitated thyroxine. Some inorganic 
iodide may have been adsorbed on the precipitate. 

A new approach to the problem was made when Leland and Foster (J. Biol. Chem., 1932, 
95, 165) determined the partition coefficients of thyroxine, di-iodotyrosine, and inorganic iodide 
between butanol and alkali and showed that butanol could extract thyroxine almost 
quantitatively. They recommended that thyroid powder should be hydrolysed by refluxing 
with 2N-sodium hydroxide for 18 hours. Blau (ibid., 1935, 110, 351) claimed that a better 
separation was obtained by refluxing with 8% baryta solution for 6 hours, extracting the 
hydrolysate at pH 3-5—4-0 with butanol, and washing the butanol extract with alkali. The 
iodine content of the butanol extract was taken as a measure of the thyroxine originally present. 
Reinecke, Turner, Kohler, Hoover, and Beezley (ibid., 1945, 161, 599), who first applied the 
technique to iodinated casein, found it necessary to reflux with 40% baryta for 20 hours and to 
extract the butanol phase twice with alkali. In this way they obtained results that agreed well 
with biological assay values determined by the increase in metabolic rate of guinea pigs. 

Other methods based on absorption spectra (Reinecke and Turner, Res. Bull. Agric. Exp. 
Station, Coll. Agric., Univ. Missouri, No. 355, 1942), the red colour formed with sodium nitrite in 
ammoniacal solution (Roche and Michel, Biochim. Biophys. Acta, 1947, 1, 335), the red colour 
formed with diazobenzenesulphonic acid in sodium carbonate solution (Moser, Experientia, 
1947, 3, 119), or the purple colour formed with diazotised N1-diethylsulphanilamide in alkaline 
solution (Winikoff and Trikojus, Biochem. J., 1948, 42, 475) have been suggested. 

We investigated the method of Reinecke e# a/., and found that, in order to comply with their 
conditions for the hydrolysis, it was necessary to concentrate the filtered incubates under 
reduced pressure to such a volume that a gum tended to separate out. In order to eliminate 
this stage and its inherent losses due to foaming, the iodinated casein was precipitated at pH 3-8. 
After the solution had been cooled for two hours, the precipitate was isolated as a friable powder, 
suitable for hydrolysis, by centrifuging, washing, recentrifuging, and drying in a vacuum over 
phosphoric oxide. Control experiments in which the iodinated caseins were freeze-dried 
showed that no thyroxine had been lost during the precipitation and subsequent isolation. 

The procedure for estimating iodine was examined with a view to simplifying Kendall’s 
method. Leland and Foster’s sodium hydroxide fusion technique was found to be more 
satisfactory than Waters and Beal’s potassium carbonate fusion method (J. Amer. Pharm. Ass., 
1945, 34, 297). The after-blueing of the starch indicator, observed by the latter authors, did not 
cause us any trouble. 

In an effort to avoid the complicated fusion step, we successfully applied Harington’s 
hydrogenolysis procedure (Biochem. J., 1926, 20, 300) to the butanol extract. Palladised 
calcium carbonate was used as catalyst to hydrogenolyse thyroxine in alkaline solution to 
thyronine, and the liberated sodium iodide was determined in acid solution by the Volhard 
method. We found that the butanol fraction could be hydrogenolysed directly at room 
temperature and pressure by mixing with ethyl alcohol and aqueous alkali. Before titration, 
the mixture was homogenised by the addition of more alcohol. The great dilution made the 
Volhard end-point rather indistinct, but this difficulty was partly overcome by practice. 

The hydrogenolysis and fusion methods were compared and found to give almost identical 
results. The advantages of the fusion method, e.g., the well-defined end-point and the high 
factor (i.e., 1-00 ml. of 0-1N-sodium thiosulphate equivalent to 0-00324 g. of thyroxine) as 
compared with that of the Volhard titration (i.e., 1-00 ml. of 0-1N-silver nitrate equivalent to 
0-0194 g. of thyroxine), appeared to outweigh its disadvantages. 

In view of the unsatisfactory nature of the above methods, we have re-examined Simpson and 
Traill’s polarographic procedure (ibid., 1946, 40, 116). These authors showed that thyroxine 
can be determined pglarographically in the presence of di-iodotyrosine in a 40% alcoholic 
0-5N-sodium carbonate solution containing 1% of either tetramethylammonium iodide or 
bromide, and subsequently Simpson, Johnston, and Traill (ibid., 1947, 41, 181) devised a method 
for determining thyroxine in the acid-insoluble fractions of iodinated “ Ardein ’’ (ground-nut 
protein), casein, and thyroid powder. 100 G. of the protein were hydrolysed by baryta, and 
about 1 g. of a partly purified acid-insoluble active fraction was isolated according to the method 
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of Ludwig and von Mutzenbecher (Z. physiol. Chem., 1939, 258, 195). The thyroxine content 
of this fraction as determined polarographically was found to agree fairly well with that calculated 
from the acid-insoluble iodine value, all the iodine being assumed to be thyroxine iodine. This 
observation is at variance with that reported by Deansley and Parkes (J. Endocrin., 1944—6, 
4, 356), who found that there was ten times as much acid-insoluble iodine in iodinated casein as 
in a dried thyroid preparation showing the same biological activity. 

We have studied the polarographic procedure in greater detail and have tried to adapt the 
technique for the estimation of smaller quantities of thyroxine than those studied by Simpson 
et al. 

It should be remembered that, unless special precautions are taken, different results are to be 
expected from the biological, chemical, and physical methods. The first methods assay all 
substances with thyroid activity regardless of chemical composition, the second determine total 
butanol-soluble iodine, and the third determines total iodinated diphenyl ethers. 


EXPERIMENTAL. 


A standard Cambridge polarograph was employed; it had been calibrated to read directly in 
microamps. All potentials were measured against the saturated calomel electrode. The dropping- 
mercury capillary had the following characteristics : at a pressure of 55-5 cm. of mercury, the drop-time 
(¢) on open circuit in 0-1N-potassium chloride at 25° was 3-13 secs., the weight of mercury dropping per 
second (m) was 1-82 mg., and m*/*#/* was 1-80. 

The thyroxine preparations were tested in a 20% isopropyl-alcoholic solution containing 1-0% of 
tetramethylammonium bromide and 2-65% (0-5n) sodium carbonate (pH 11-3). Freshly distilled 
tsopropyl alcohol was used, since many laboratory batches of ethyl alcohol contained traces of aldehydes 
or ketones that interfered with the thyroxine step. Tetramethylammonium bromide is much more 
soluble in water than the iodide and was thus more convenient for this type of work. All reagents were 
tested to ensure that they did not contain impurities that would interfere with the thyroxine step. 
Oxygen was removed from all solutions by bubbling with nitrogen for 10 minutes. 

When examined in this way, thyroxine gave a series of three polarographic steps (cf. Fig. 1). The 
second step for solutions containing more than 0-025% of thyroxine was surmounted by a distinct 
maximum, which could be suppressed by adding 0-05% of gelatin to the solution. Concentrated 
3 : 5-di-iodotyrosine solutions did not form a maximum. The first thyroxine step with a half-wave 
potential of —1-12 v. (versus the saturated calomel electrode) was the characteristic step for thyroxine, 
and, since it was not masked by the first di-iodotyrosine step (i.e., half-wave potential of —1-51 v.), it 
could be used for the estimation of thyroxine in the presence of di-iodotyrosine. A better separation of 
the thyroxine and the di-iodotyrosine step was obtained by extending the potential scale of the 
polarograph in the ratio of 2:3 (cf. Werthessen and Baker, Endocrinology, 1945, 36, 351). 


Fic. 1. 


‘ Lj ' 








2:0 Microamps. 
Diffusion current. 














—— 1 l 
0-6 +0 “1-4 78 22 26 
Potential, volts. 
Polarograms for: (a) 0-05% thyroxine, (b) 0-025% thyroxine, (c) 0-010% thyroxine. 


A calibration curve connecting the heights of the first and of the total thyroxine step with 
concentration over the concentration range in the final solution of 0-00006—0-0012m (0-05—1-0 mg. per 
ml.) is shown in Fig. 2. Over this range, the relationship between diffusion current (i.e., step height) and 
ee was approximately linear. A similar calibration curve for di-iodotyrosine is shown in 

ig. 3. 

Polarography of Substances related to Thyroxine.—In addition to thyroxine, 2$ related substances were 
examined polarographically in order to find out whether they would interfere with our assay procedure. 
These substances, which had the properties listed below, were tested at a concentration level of 
0-025—0-050% in a 20% isopropyl-alcoholic solution containing 1-0% of tetramethylammonium 
bromide and 2-65% of sodium carbonate (pH 11-3). Nitrogen was bubbled through the solutions to 
remove oxygen, and the measurements were taken when the polarograph cell was immersed in a 
thermostat maintained at 25° + 0:1°. 
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(i) pL-Tyrosine, m. p. 288—289° (decomp. ). 
a ape ee ae ethyl ester, m. p. 122—123° (Curtius and Donselt, J. pr. Chem., 1917, 
Pn Gi) oes : §-Di-iodotyrosine, m. p. 195—196° (decomp.) (m. p. 195°; Bauer and Strauss, Ber., 1936, 
" (iv) DL-N-Acetyl-3 : 5-di-iodo osine, m. p. 216—217° (decomp.) (Found: C, 27-8; H, 2-6; N, 3-0; 
I, 54-0. Calc. for C,,H,,O,NI,: C, 27-8; H, 2-3; N, 2-9; I, 53-5%) (m. p. 205—206°, decomp.; Myers 
J. Amer. Chem. Soc., 1932, 54, 3718). 
(v) DL-N : 4-Diacetyl-3 : 5-di-iodotyrosine, m. p. 208—209° (Found: C, 28-8; H, 2-7; N, 2-9; 
I, vr Calc. for C,;H,,0,NI,,0-5H,O: C, 29-6; H, 2-7; N, 2-7; I, 48-5%) (m. p. 186°; Myers, 
loc. cit.). 
(vi) DL-N-Acetyl-3 : 5-di-iodotyrosine n-butyl ether, micro-crystals, m. p. 157—159° (Found : C, 34-0; 
H, 2:8; N, 2-67; I, 47-2. C,,H,,O,NI, requires C, 33-9; H, 3-5; N, 2-65; I, 47-8%). The 1-form of 
this substance has been descri by Woolley (J. Biol. Chem., 1946, 164, 11). 
(vii) The a ere Sige ae ether, micro-crystals m. p. 100—102° from benzene (Found: N, 2-15; 
6**6 


I, 39-6. C,,H,,0,NI,,C requires N, 2-16; I, 39-6%). The 1-form of this substance has been 
described by Woolley (loc. cit.). 
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Calibration curves for thyroxine: (a) First thyroxine Calibration curve for di-iodotyrosine. 
step. (b) Total thyroxine step. 


(viii) The analogous 4’-nitrobenzyl ether, needle crystals, m. p. 115° (Found: N, 5-2; I, 40-5. 
C,,H,,O,N,I, requires N, 4-6; I, 41-7%). The 1-form of this substance has been described by Woolley 
(loc. ctt.). 

(ix) pt-Thyronine, m. p. 254—256° (decomp.) (m. p. 253—-254°, decomp.; Harington, Biochem. J., 
1926, 20, 300). 

(x) pDL-3 : 5-Di-iodothyronine, m. p. 256—257° (decomp.), prepared by the method described in 
Part III (this vol., S 199). 

(xi) pt-Thyroxine, m. p. 234—235° (decomp.), prepared by the method described in Part ITI. 

(xii) pt-N-Acetylthyroxine, m. p. 214—215° (decomp.) (m. p. 210—215°; Ashley and Harington, 
Biochem. J., 1928, 22, 1436). 

(xiii) nzoic acid, m. p. 121—122°. 

(xiv) o-lodobenzoic acid, m. p. 161° (m. p. 162°; Cohen and Raper, J., 1904, 85, 1271). 

(xv) m-Iodobenzoic acid, m. p. 187° (m. p. 187—188°; idem, ibid.). 

(xvi) p-Iodobenzoic acid, m. p. 270° (m. p. 270°; Flaschner and Rankin, Monatsh., 1910, 31, 44). 
Pm 4-Hydroxybenzoic acid, m. p. 215° (m. p. 214—215°; Willstatter and Mieg, Annalen, 1915, 

, 76). : 

(xviii) 3 : 5-Di-iodo-2-hydroxybenzoic acid, m. p. 220° (m. p. 220—230°, decomp.; Anschiitz, 

Robitsek, and Schmitz, ibid., 1906, 346, 330). 

a (xix) 3 : 5-Di-iodo-4-hydroxybenzoic acid, m. p. 239° (m. p. 237°; Paal and Mohr, Ber., 1896, 29, 
02). 

(xx) 3 : 5-Di-iodo-4-acetoxybenzoic acid. Acetic anhydride (1-35 ml.) was added slowly to a solution 
of 3 : 5-di-iodo-4-hydroxybenzoic acid (5 g.) in 2N-sodium hydroxide (20 ml.). The mixture was shaken 
for 10 minutes and then acidified with hydrochloric acid. The precipitate was filtered off, dried, and 
crystallised first from aqueous alcohol, then from glacial acetic acid. The acid (3-95 g.; 71%) melted at 
224° (Found : C, 25-2; H, 1-6; 1, 59-6. C,H,O,I, requires C, 25-0; H, 1-4; I, 58-8%). 

(xxi) 3 : 5-Di-iodo-4-methoxybenzoic acid, m. p. 260° (m. p. 255—256°, decomp.; Wheeler and 
Liddle, Amer. Chem. J., 1909, 42, 458). 
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(xxii) 3 : 5-Di-iodo-4-(4’-methoxyphenoxy)benzoic acid, m. p. 232—234° (cf. Part III). 

(xxiii) 3 : 5-Di-iodo-4-(4’-hydroxyphenoxy)benzylhydantoin (cf. Part III). 

(xxiv) 3 : 5-Di-iodo-4-(4’-methoxyphenoxy)benzylhydantoin, m. Pi 213—215° (cf. Part III). 

Our polarograms for derivatives of benzoic acid and tyrosine (Table I) and for diphenyl ethers (Table 
II) confirm that iodine-free acids are not reduced at the dropping-mercury electrode and show that acids 
containing one, two, or four iodine atoms yield one, two, or three polarograph steps, respectively. 
However, the two single steps for di-iodo-substances such as 3 : 5-di-iodotyrosine frequently merge into 
one double step with a half-wave potential of about —1-60 v. Each single step, except the second step 
formed by thyroxine and N-acetylthyroxine, probably corresponds to the reduction of one iodine atom, 
4.e., a two-electron change. The second step for thyroxine and N-acetylthyroxine corresponds to the 
reduction of two iodine atoms, 1.e., a four-electron change. 


Tas_e I. 
Polarograms for Derivatives of Benzoic Acid and Tyrosine.* 





Molar First step. Second step. Third step 
concn. a, ——— 
Substance. (x 104). P as C. FP. C. 7. Cc 
BORSOC ACI ..cccessccccrecsccccccccscccceces 8-0 No steps _ — —_ —_ so 
O-lodobenzoic acid ..........sescecccccsees 20 a a —1-50 8-0 — — 
m-Lodobenzoic acid ..........sesceceeeseees 20 — o —1-44 75 _— _— 
P-Todobenz0Ic ACI .....0..0.cccccccerseces 20 — — —1-44 8-4 —_— _— 
4-Hydroxybenzoic acid .............s0006 18 No steps — —_ _— —_— — 
3 : 5-Di-iodo-2-hydroxybenzoic acid... 12-8 —1-25 4:5 —1:50 3-2 — — 
3 : 5-Di-iodo-4-hydroxybenzoic acid... 6-2 — — —1-55 1-96 —1-72 1-66 
3 : 5-Di-iodo-4-acetoxybenzoic acid ... 5-8 —1-08 1-63 —1-25 1-79 —163 0-48 
3 : 5-Di-iodo-4-methoxybenzoic acid... 12-5 — 1-20 3-8 —1-50 3-5 — —_ 
IIE cn snedcgendctascdisersonsssstececenese 14 No steps — — _— —_— — 
N-Benzoyltyrosine ethyl ester ......... 3-2 Nosteps —_ _— _ _— —_ 
3: 5-Di-iodotyrosine  .............sesseees 11-4 a a —1-51 3-7 —1-:72 3-9 
N-Acetyl-3 : 5-di-iodotyrosine ......... 10-5 — — —1:47 2-85 —1:67 3-35 
N : 4-Diacetyl-3 : 5-di-iodotyrosine ... 4-8 — os — 1-48 1-15 — 1-68 1-91 
N-Acetyl-3 : 5-di-iodotyrosine n-butyl 
NIE avacesiscavecsachastensiccdiebdbeiscten 5 —1-16 3-28 —142 2-70 — — 
* P = half-wave potential, in volts; C = diffusion current, in microamps. 
TaBLeE II. 
Polarograms for Diphenyl Ethers.* 
Molar First step. Second step. Third step. 
Substance. (x 10*). P. C. #: C. 2. C. 
3 : 5-Di-iodo-4-(4’-methoxyphenoxy)- 

WOES. CIRD: srccrviincssvecesinsiorsecacnse 0 —1-11 1:30 —1-:30 1-40 _— _— 
N-Acetyl-3 : 5-di-iodotyrosine benzyl 

MINE © setae cenasenssarnascccdntsesserenevense 9 —1-09 255 —1:33 2-73 - — 
N-Acetyl-3 : 5-di-iodotyrosine 4’- 

BITOVORTY! CERET .2..00scscccesccccescces 8-2 —0-78 540 —094 2-45 — 1-34 2-75 
EET tattniseptaosessessvescccésconcsénes 8-9 Nosteps — _— —_— _ — 
3 : 5-Di-iodothyronine .................00++ 9-5 —1-18 2-71 — 1-37 2-56 — —_— 
ED cateencevccssnesecs 3-1 —1-12 1-02 —1-:30 1-60 —1-51 0-90 
N-Acetylthyroxine 3-0 —1-10 0-90 —1:29 140 —1:50 0-60 
4-(4’-Hydroxyphenoxy)-3 : 5-di-iodo- 

Denzylhydantoin .............seccescoves 5 —1-19 3-10 —1:39 2-50 —_— — 
4-(4’-Methoxyphenoxy)-3 : 5-di-iodo- 

eee 9-0 —1-10 2-56 —1:30 2-66 —_ _— 


* P = half-wave potential, in volts; C = diffusion current, in microamps. 


All the steps are well defined and are suitable for the determination of the substances in simple 
solutions. Some characteristic polarograms for N-acetyl-3 : 5-di-iodotyrosine 4’-nitrobenzyl ether and 
3 : 5-di-iodothyronine are reproduced in Fig. 4. The maxima that surmount the steps formed by 
substances such as the 4-nitrobenzyl ether are readily suppressed by the addition of 0-05% of gelatin. 

Substitution in the 4-hydroxy-group of 3 : 5-di-iodobenzoic acid and 3 : 5-di-iodotyrosine facilitates 
the reduction of the acids, and the derivatives so formed, ¢.g., 3 : 5-di-iodo-4-(4’-methoxyphenoxy)- 
benzoic acid and 3 : 5-di-iodothyroxine, will interfere with the polarographic determination of thyroxine. 
Acetylation at the N-position of tyrosine and thyroxine has no effect on their reduction potentials. The 
large step formed by N-acetyl-3 : 5-di-iodotyrosine 4’-nitrobenzyl ether at —0-78 v. is probably a six- 
electron step and is to be associated with the reduction of the nitro-group. 

It is noteworthy that 3 : 5-di-iodo-4-acetoxybenzoic acid was hydrolysed in the alkaline polarographic 
solution (pH 11-3). After such a solution had stood at room temperature for six hours, the steps at 
—1-08 and —1-25 v. disappeared and were replaced by one double step at —1-63 v. WN : 4-Diacetyl- 
3 : 5-di-iodotyrosine did not form a large step at —1-10 v., and it is conjectured that at pH 11:3 it is 
hydrolysed more rapidly than the corresponding benzoic acid derivative. 
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Determination of Thyroxine in Iodinated Casein Hydrolysates—By direct polarographic examination, 
it was possible to estimate thyroxine in simple mixtures containing a ten-fold excess of 3: 5-di- 
iodotyrosine, but for mixtures containing a higher proportion of di-iodotyrosine (e.g., iodinated casein 
hydrolysates) the height of the first thyroxine step could not be measured with the desired precision. 
The excess of di-iodotyrosine was removed from such samples by Leland and Foster’s method. The 
thyroxine was extracted by means of n-butanol from a slightly acid solution (pH 3-5) of the hydrolysate, 
and the extract washed with a mixture of sodium hydroxide and sodium hydrogen carbonate to eliminate 
di-iodotyrosine. Leland and Foster claimed that n-butanol eluted about 92% of the thyroxine and only 
2:5% of the di-iodotyrosine from a solution containing 0-24 mg. and 1-6 mg. respectively per ml., but our 
polarographic results showed that, whereas their data for thyroxine are approximately correct, about 12% 
of the di-iodotyrosine was extracted. Although the amount of di-iodotyrosine left behind was sufficient 
to impair the accuracy of the chemical assay, it did not interfere with the recording of a polarogram 
containing a well-defined thyroxine step that was suitable for analytical purposes. 
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In order to check the butanol extraction technique, small quantities of synthetic thyroxine 
(5-0—6-0 mg.) were added to 100-ml. portions of iodinated casein hydrolysates, the solutions were 
extracted, and the amount of thyroxine was determined, with reasonable recoveries (cf. Table IV). 

Comparison with the Chemical Method of Reinecke et al—A number of n-butanol extracts of hydrolysed 
casein were polarographed, and the results compared with those obtained by our modification of the method 
of Reinecke et al. The values for the true thyroxine content, as calculated from the height of the 
first polarographic step at —1-12 v., were about one-third to one-half of those obtained chemically (cf. 
Table III) but, if the thyroxine data were calculated from the height of the total step at —1-70 v., no 
di-iodotyrosine being assumed to be present, the polarographic figures (‘‘ total ’’) showed better 
agreement with the chemical assay values. This result is not unreasonable, when it is remembered that 
for the chemical assay we assumed that all the iodine in the m-butanol extract is derived from thyroxine, 
whereas we have shown (see above) that n-butanol extracts appreciable quantities of di-iodotyrosine. 








TABLE III. 
Comparison of Chemical and Polarographic Assays for Iodinated Casein Hydrolysate. 
Concn. of thyroxine, mg./ml. Concn. of thyroxine, mg./ml. 
No. of Chem. Polarographic assay. No. of " Chem. Polarographic assay. 
solution. assay. True. “ Total.” solution. assay. True. * Total.” 
11 0-15 0-07 0-20 19 0-09 0-04 0-11 
12 0-25 0-09 0-27 21 0-09 0-04 0-10 
15 0-25 0-09 0-27 23 0-12 0-03 0-10 
16 0-18 0-05 0-13 NCB 1 & 2 0-15 0-08 0-16 
17 0-15 0-05 0-15 Ss 0-15 0-05 0-15 
18 0-15 0-05 0-12 


Hydrolysis of Iodinated Casein.—Experiments were undertaken on a special batch of iodinated 
casein to find the best hydrolytic procedure. The problem had previously been attacked by several 
groups of investigators; Reinecke et al. had recommended the use of 40% barium hydroxide for this 


pu . 

"Keown amounts of synthetic thyroxine and di-iodotyrosine were added to samples of casein and 
iodinated casein, the mixtures were hydrolysed for 6 hours with 10-ml. portions of alkali, and the 
hydrolysates were examined for thyroxine polarographically ; the results (Table IV) confirmed that 40% 
barium hydroxide and 1-0n-sodium hydroxide are the best hydrolysing agents. The percentage of 
recovered thyroxine decreased as the quantity of added thyroxine was increased. Sodium carbonate and 
sodium hydroxide solutions below 1-0N gave low thyroxine recoveries. 

oO 
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An attempt to improve the recovery of thyroxine by hydrolysis in an atmosphere of nitrogen was 
unsuccessful. Larger quantities of alkali and hydrolysis for longer periods also gave lower yields of 
thyroxine. 

"We were surprised to find that when the time of hydrolysis with 1-On-sodium hydroxide was reduced 
below 3 hrs., and the partial hydrolysate examined directly in the usual isopropyl-alcoholic solution, the 
polarogram had a well-defined step at —0-8 v. A casein solution that had been partly hydrolysed with 
sodium hydroxide gave a similar step (cf. Fig. 5), which disappeared if the hydrolysis was continued for 
longer. A further study of this step should be of interest. 
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2-0 ml. of 10% tetramethyl nium bromide and 4-0 ml. of isopropyl alcohol. 





(B) Two g. of iodinated casein refluxed with 10 ml. of 1-O0N-NaOH for 1 hr. and then made up to 
20 ml. with 2-0 ml. of 10% tetramethylammonium bromide and 4-0 ml. of isopropyl alcohol. 


TaBLeE IV. 
Recovery of added Thyroxine. 

: Wt. of Wt. of added Method of Thyroxine Added thyroxine 
Material. material, g. thyroxine, mg. hydrolysis. recovered, mg. recovered, %. 
Casein 2-0 0 1-0n-NaOH 0-4 _ 

2-0 5-0 a 5-0 92 

i 2-0 10-0 a 8-4 80 
Iodocasein 1-0 0 40% Ba(OH), 3-3 —_ 
1-0 5-0 i 8-4 102 

1-0 10-0 om 11-4 81 

2-0 0 1-0n-NaOH 6-0 _— 

2-0 5-0 ” 10-0 80 

2-0 10-0 13-4 74 


Our recommended procedure for the estimation of thyroxine in iodinated casein containing large 
amounts of di-iodotyrosine is as follows. Hydrolyse 1-0 g. of iodinated casein (containing about 5 mg. of 
thyroxine) by means of 40% baryta according to the method of Reinecke et al. (Joc. cit.). Adjust the pH 
value of the resulting 100 ml. of solution to 3-5 by means of dilute hydrochloric acid, and extract the 
solution with one 50-ml. portion followed by two 25-ml. portions of n-butanol. Wash the butanol extract 
with two 50-ml. portions of a solution containing 16% of sodium hydroxide and 5% of sodium hydrogen 
carbonate, and evaporate to dryness under reduced pressure. Dissolve the residue in 10 ml. of 1-0N-sodium 
carbonate, transfer to a 20-ml. graduated flask, add 2-0 ml. of 10% tetramethylammonium bromide and 
4-0 ml. of tsopropyl alcohol, and make the solution up to 20 ml. with distilled water. Polarograph 
a 3-0-ml. oxygen-free portion of the final solution over the potential range of —0-6 to —2-0 v. Measure 
the height of the first thyroxine and the combined thyroxine and di-iodotyrosine steps. 

For preparations containing more than 0-5% of thyroxine, the accuracy of the method is about + 10%. 


Discussion.—Our polarographic procedure is suitable for the determination of much smaller 
amounts of thyroxine than the method described by Simpson, Johnston, and Traill, but is less 
sensitive than those of Reinecke et al., and Roche and Michel. The smallest quantity that 
can be detected polarographically is about 0-1% of thyroxine in 1-0 g. of iodinated protein, 
whereas Reinecke e¢ al. claim the assay of much smaller amounts. 

The polarographic method has the advantage that it can differentiate between thyroxine and 
3 : 5-di-iodotyrosine and does not depend on the non-extraction of di-iodotyrosine by n-butanol. 


The authors wish to thank Mr J. G. Waller for technical assistance. 


ResgarcH Division, GLaxo LaBoraTorizs LTp., 
GREENFORD, MIDDLESEX. (Received, July Tth, 1948.) 

















ave aaa 


Dinitrogen Tetroxide Solvent System. Part I. § 211 


$46. The Liquid Dinitrogen Tetroxide Solvent System. Part I. 
General Introduction. 


By C. C. ADDISON and R. THompson. 


On the basis of the ionic dissociation N,O, —— NO* + NO,°~ reactions in liquid dinitrogen 
tetroxide show many points of analogy with corresponding reactions in aqueous, liquid 
ammonia, and liquid sulphur dioxide media. An introductory account of the scope, 
advantages, and limitations of the system is given. Acid—base reactions, liquid dinitrogen 
tetroxide-metal reactions, reactions between metals and solutions of nitrosyl chloride in 
liquid dinitrogen tetroxide, and amphoteric behaviour are co-ordinated from the point of view 
of this solvent system. 


Tue work to be described in this series was initiated with the object of studying predominantly 
inorganic and ionic reactions in which liquid dinitrogen tetroxide is involved. On the basis of 
the ionic dissociation 

(compare 2H,O=——H,0+t + OH-; 2NH,=—NH,t + NH,-; 2SO,=——SO* + SO,*-) 


many points of analogy with the well-known water, liquid ammonia, and liquid sulphur dioxide 
systems arise, and treatment of the chemistry of liquid dinitrogen tetroxide from the point of 
view of a solvent system has been found to provide a very satisfactory basis on which to classify 
(a) reactions in which the tetroxide serves as a medium for reaction and (b) reactions in which it 
features as a reactant. 

Frankland and Farmer (J., 1901, 79, 1356) first considered liquid dinitrogen tetroxide as a 
medium for ionic reactions. They observed that some organic compounds and non-metallic 
elements were soluble with ease, but were unable to find any inorganic salts which dissolved to a 
considerable extent. In view of this, and of the low order of electrical conductivity (specific 
conductivity less than 2 x 10-* ohm~"), they concluded that the liquid was unable to behave as 
an ionising medium, and resembled closely in its general behaviour such organic solvents as 
benzene. A few reactions between liquid dinitrogen tetroxide and ionic compounds have since 
been reported; such reports have been quite disconnected, and no attempt has yet been made to 
systematise the chemistry of dinitrogen tetroxide in the liquid state. 

Dissociation of the N,O, Molecule-—All reactions in which this molecule takes part can be 
assumed to involve, as a first stage, the dissociation of the molecule. At least three possibilities 
present themselves : 


N,0, =— NO, + NO, . . . . . . . . (1) 
or NO,emtNO*+NO- . .. 2... 
or MOeesNOt4+NO- 2... www. 


Dissociation occurs thermally according to equation (1) and is almost complete at the high 
temperatures at which many reactions of the gaseous oxide have been studied. However, it is 
undesirable to draw direct comparison between liquid and gaseous reactions for the following 
reasons. (a) Dissociation (1) occurs to a small extent only in the liquid state. Accurate values 
are not available for the extent of this dissociation, but the liquid at the boiling point (21-3°) will 
not be dissociated to a greater extent than the 15% which occurs in the gas at this temperature ; 
the considerable diminution in colour intensity which accompanies the cooling of the liquid 
indicates that dissociation will not exceed about 5% at a temperature of 0°, which is convenient 
for the study of liquid reactions. (b) The initial products of reaction, such as the nitrate, may be 
unstable at elevated temperatures. (c) Mechanisms by which reactions can occur in the gaseous 
state at elevated temperatures may not be possible at low temperatures and in the liquid state. 
For instance, Bawn and Evans (Trans. Faraday Soc., 1937, 38, 1571) have shown that in the 
flame reaction with sodium, the primary reaction is Na + NO,——> NaO + NO, and that the 
NaO then reacts with free sodium atoms to form Na,O. A similar mechanism may interpret the 
results of Sabatier and Senderens (Ann. Chim. Phys., 1896, '7, 348), who observed the formation 
of nitrate and nitric oxide under somewhat different conditions. Now metallic sodium reacts 
also with liquid dinitrogen tetroxide; again nitric oxide is evolved and sodium nitrate is formed, 
but the liquid reaction is more satisfactorily interpreted on the basis of dissociation of N,O, into 
NO+ and NO,- ions (equation 3) when the reaction Na + N,O,——> NaNO, + NO proceeds by 
the transfer of an electron from the sodium atom to the nitrosyl ion, giving the resonance- 
stabilised nitric oxide molecule. 
O02 
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That dissociation according to equation (2) can occur has been illustrated by the work of 
Levy and Scaife (J., 1946, 1093 et seg.) on the preparation of aliphatic nitro-compounds in liquid 
dinitrogen tetroxide; this confirmed that addition of the tetroxide to the olefinic double bond 
gives either dinitro-compounds or nitro-nitrites, and that, except where dinitrogen trioxide is 
deliberately used, nitroso-compounds are not formed. These authors did not postulate the free 
existence of NO,+ and NO,- in the medium, but considered that such dissociation took place 
during reaction, and that the NO,+ group was responsible for the initial attack. Ingold et al. 
(Nature, 1946, 158, 480) have shown that in concentrated sulphuric acid the NO,* ion is capable of 
separate existence, and Bennett e¢ al. (J., 1946, 869 et seq.) consider this nitronium ion to be the 
active species in aromatic nitrations employing nitric-sulphuric acid mixtures. Riebsomer 
(Chem. Reviews, 1945, 36, 157) has listed a large number of aliphatic and aromatic compounds 
which give nitro-derivatives by reaction with liquid dinitrogen tetroxide, and in these nitrations 
also the NO,* group may well be significant. 

In view of the fact that Exner (J., 1872, 1072) established the reaction NO,Cl + AgNO, —~> 
AgCl + N,O,, it seemed feasible that ionic dissociation of N,O, according to equation (2) might 
be important in purely inorganic reactions also, and therefore our postulate that dissociation 
into nitrosyl and nitrate ions is fundamental in inorganic reactions may appear to be at variance 
with considerable evidence to the contrary. This is not so; the liquid dinitrogen tetroxide 
reactions above involve nitration of covalent compounds, and there is much evidence to indicate 
that the mode of its dissociation, and thus the nature of the reaction products, depends upon 
whether the reacting molecules are covalent or ionic compounds. For example, aniline reacts 
explosively with liquid dinitrogen tetroxide, yet aniline hydrochloride is scarcely attacked; 
diethylamine reacts, yet the hydrochloride undergoes only simple ion exchange to give the 
nitrate (see below) ; ammonia reacts explosively, yet most simple ammonium salts are stable in 
contact with the liquid tetroxide. Thus, the conversion of a covalent molecule into ionic form 
provides some, and in many cases complete, protection from attack by the liquid tetroxide, and 
the following general statements are in agreement with available experimental evidence : 

(1) When liquid dinitrogen tetroxide reacts with covalent molecules, dissociation into NO,* 
and NO,- occurs during the course of the reaction. It is unlikely that these groups are present 
as free ions in the liquid tetroxide, since nitrites are not obtained as products in ionic reactions. 

(2) When liquid dinitrogen tetroxide reacts with ionic compounds, dissociation into NO*+ and 
NO,- occurs, and the readiness with which ionic reactions proceed is consistent with the 
assumption that these ions are present in the liquid tetroxide in small concentration. 

“ Acid-Base "’ Reactions.—A formal analogy being employed with the water, ammonia, and 
sulphur dioxide solvent systems, nitrosyl compounds in which the nitrosyl group features as a 
cation may be regarded as acids, and nitrates as bases in this solvent system, and the reactions 
between nitrosyl compounds and nitrates (which are fundamentally NO+ + NO,~ —~> N,Q,) 
may be termed neutralisation processes. As Bell (Quart. Reviews, 1947, 1, 113) has stated, it is 
inconvenient, in a study of acid—base systems, to use the terms “ acid ” and “ base ’’ in a sense 
which varies with change of solvent, but as this is a matter of definition only, the terms acid and 
base are retained here for lack of more appropriate terms and in order to maintain the formal 
analogy with other established solvent systems. Since proton transfer is not involved, the 
Brénsted—Lowry definitions (Rec. Trav. chim., 1923, 42, 718; Chem. and Ind., 1923, 42, 43) are 
clearly inapplicable. The system may be considered, as may the liquid sulphur dioxide system, 
as falling within Lewis’s broader acid-base definitions (J. Franklin Inst., 1938, 226, 293), but 
for present purposes it is adequate to use Cady and Elsey’s definitions (J. Chem. Educ., 1928, 5, 
1425), when the nitrosyl compounds are acidic, and the nitrates basic, in the dinitrogen tetroxide 
system because they give rise respectively to cations and anions characteristic of the solvent. 

Of the available nitrosyl compounds, the chloride is amongst the most stable. Its dissociation 
into nitric oxide and chlorine, even in the gaseous state at room temperature, is only about 0-5% 
(Beeson and Yost, J. Chem. Physics, 1939, 7, 44), and it has been found to be miscible with 
liquid dinitrogen tetroxide in all proportions. The investigation of acid—base reactions is 
restricted by the low solubility of the simple metal nitrates. In the nature of its solvent powers, 
the liquid tetroxide appears to resemble liquid sulphur dioxide more closely than it resembles 
water or liquid ammonia, and the low stability of its addition compounds with inorganic salts is 
of the same order as those of the corresponding sulphur dioxide compounds. Although liquid 
dinitrogen tetroxide is a good solvent for some non-metallic elements and certain classes of 
organic compound (e.g., nitro-compounds and carboxylic acids), Frankland and Farmer (loc. 
cit.) were unable to find any readily soluble inorganic salt; we have examined a wider range of 
metal salts, but have found no instance of appreciable solubility, and co-ordination of the metal 
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ion does not seem to assist solution. It is of interest that the solubility in liquid sulphur dioxide 
of the corresponding bases, the metal sulphites, is of the order of only 0-02—0-05%; in both 
systems conductimetric methods are necessary for following acid—base reactions involving metal 
salts in solution. However, solutions of nitrosyl chloride in liquid dinitrogen tetroxide have 
been found to react with solid metal nitrates. The reaction 


NOCI (in liquid N,O,) + AgNO, (s) —> AgCl (s) + N,O,() . . . (4) 


proceeds to completion, in the direction indicated, within a few minutes at 0—10°, the velocity 
of the reaction being limited only by the surface area of the powdered silver nitrate. Pure 
silver chloride and liquid dinitrogen tetroxide were found to be unchanged after contact for 
several days. The ease with which this reaction proceeds does not necessarily imply that the 
medium is strongly ionising with respect to nitrosyl chloride; indeed, this appears unlikely (see 
below). Perrot (Compt. rend., 1935, 201, 275) has shown that the same reaction can proceed in 
the absence of N,O, as a medium, and Séderback (Amnalen, 1919, 419, 217) found a similar 
reaction, NOC] + AgCNS = AgCl + NO*CNS, to take place in carbon tetrachloride medium. 
However, these reactions clearly involve the NO+ ion, and provided that N,O, is a reaction 
product, reaction (4) can be considered as falling formally within this acid—base system 
irrespective of whether the ionic dissociation of nitrosyl chloride is enhanced in liquid dinitrogen 
tetroxide. 

Although alkali-metal sulphites are only slightly soluble in liquid sulphur dioxide, certain 
substituted ammonium sulphites (e.g., tetra-methylammonium sulphite) are readily soluble. 
Similarly, ammonium nitrate neither reacts with nor dissolves appreciably in liquid dinitrogen 
tetroxide at temperatures up to its boiling point, although decomposition into nitrogen and 
nitric acid occurs in a sealed tube at 100° (Besson and Rosset, Compt. rend., 1906, 142, 633). 
When the hydrogen atoms in the NH,* group are replaced by organic radicals the substituted 
salts become more soluble. Depending on the nature and number of substituent groups, 
decomposition may occur, or the salt may dissolve unchanged. For example, diethylammonium 
nitrate is readily soluble in liquid dinitrogen tetroxide, and when diethylammonium chloride is 
added to the liquid at 0° the reaction 


(Et,NH,}+Cl- + N,O, = NOC] + [Et,NH,J+NO,- . . . . (5) 


proceeds readily. As the chloride dissolves, the solution is coloured red by the nitrosyl chloride 
produced. On gentle warming (immersing the reaction vessel in a water-bath at 20—30°) 
under slightly reduced pressure, the nitrosyl chloride is removed from the system, and from the 
resulting solution the diethylammonium nitrate may be crystallised in quantitative yield. The 
process is analogous to that of hydrolysis in aqueous medium. If the reaction mixture is heated 
further, without preliminary removal of the nitrosyl chloride, the products undergo further 
mutual interaction in the accepted manner (Sidgwick, ‘‘ The Organic Chemistry of Nitrogen ”’ 

Oxford Univ. Press, 1937, p. 24) to give N-nitrosodiethylamine. This technique provides a 
convenient and attractive method for the direct preparation of nitrosoamines which will be 
discussed in detail at a later stage. 

The method of Whittaker, Lundstrom, and Merz (Ind. Eng. Chem., 1931, 28, 1410) which was 
employed for the preparation of nitrosyl chloride involves the reaction KCl + N,O, = 
KNO, + NOCI. This reaction does not take place if the reactants are perfectly dry, but 
reaction is rapid at room temperature if the gaseous tetroxide is passed over solid potassium 
chloride moistened with about 2-5% of water. Noyes (ibid., 1932, 24, 1084) has postulated the 
mechanism 





Reaction must clearly take place in the film of aqueous mabinmeis chloride solution covering the 
crystals. Since at room temperature the nitrosyl ion is continuously removed from the system 
as nitrosyl chloride (b. p. —5-5°), ionisation of the amphoteric nitrous acid in the aqueous film 
proceeds entirely as HNO, == NO* + OH, and the water may be regarded as providing a 
liquid medium in which the ionisation of both KCl and N,O, molecules occurs. It is significant 
that solid potassium chloride does not react with liquid dinitrogen tetroxide. These reactions 
point to the conclusion that the acid—base reaction MC] + N,O, == MNO, + NOCI (where M 
is a metal or substituted ammonium ion) is fully reversible in liquid media. When the salts can 
dissolve readily and ionise in the medium, an equilibrium is set up and the forward reaction goes 
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to completion on removal of the nitrosyl chloride. When the salts are insoluble in the medium 
no forward reaction occurs, but the reverse reaction proceeds to completion. 

Liquid Dinitrogen Tetroxide as an Ionising Medium.—The reactions discussed here suggest 
that the behaviour of nitrosyl chloride in liquid dinitrogen tetroxide differs little from 
its behaviour in other “‘ inert ’’ media such as carbon tetrachloride. Conductimetric studies of 
these solutions will be reported later, but it is relevant here to draw comparison with other solvent 
systems. In the water and the liquid ammonia system the strong proton-acceptor properties of 
the H,O and NH, molecules are responsible for the breaking of the H-Cl bond in dissolved 
hydrochloric acid to give Cl- and H,O+ or NH,* respectively. For example, the specific 
conductivity of water is changed from the order of 10~7 to 10-* ohm™ by addition of hydrochloric 
acid in 0-05m-concentration. However, in the liquid sulphur dioxide system there are no 
properties characteristic of the sulphur dioxide molecule which are likely to bring about any 
considerable ionisation of dissolved SOC], molecules. Consequently, when thionyl chloride is 
added to liquid sulphur dioxide in 0-05m-concentration, the changes in specific conductivity are 
relatively small, from 0-1 x 10-* to 6-8 x 10-* ohm (Jander and Wickert, Z. physikal. Chem., 
1936, 178, 57), and although experimental evidence is not at present available, the ionisation of 
thionyl chloride in other inert media may well be of the same order. Similar considerations 
apply to solutions of nitrosyl chloride in liquid dinitrogen tetroxide and it is not to be anticipated, 
therefore, that the liquid tetroxide will serve as a strongly ionising medium with respect to 
nitrosyl chloride. The results are, however, consistent with the belief that liquid nitrosyl 
chloride itself undergoes some ionic dissociation into NO+ and Cl ions, but that this dissociation 
is not considerably influenced by dilution of the nitrosyl chloride with liquid dinitrogen tetroxide. 
That nitrosyl chloride should itself undergo ionic dissociation irrespective of the medium is 
consistent with physical measurements on the nitrosyl chloride molecule. The N-—Cl bond 
distance is 1-95 a. compared with 1-69 a. for the sum of the covalent single-bond radii. The 
view that the bond has about 50% ionic character is supported by dipole-moment measurements 
(Ketelaar and Palmer, J. Amer. Chem. Soc., 1937, 59, 2629) and the ionic structure 
>N=O;+ rh is accepted as one of the limiting states of resonance of the molecule. Angus and 
Leckie (Trans. Faraday Soc., 1935, 31, 958) have shown the NO?* ion to be present in conducting 
media; Hantzsch and Berger (Z. anorg. Chem., 1930, 190, 321) have demonstrated its presence 
in solutions of nitrosyl perchlorate in the non-conductor nitromethane, and cryoscopic 
measurements (to be reported later) indicate that nitrosyl chloride is ionised in liquid dinitrogen 
tetroxide. It would appear, however, that the presence of the NOt ion in this solution is to be 
attributed rather to the nature of the nitrosyl chloride molecule than to the ionising power of 
the dinitrogen tetroxide medium. 

The Structure of Dinitrogen Tetroxide.—The reactions already referred to, together with the 
dinitrogen tetroxide—-metal reactions discussed below, suggest that the ionic dissociation 
N,O, == NOt + NO,- proceeds readily in either direction, although the dissociation constant 
is small. As evidence for this mode of dissociation accumulates, it becomes appropriate to 
consider the structure of the N,O, molecule in this light. Ingold (Nature, 1947, 159, 743) 
considers structure (I) to be confirmed by the olefinic reactions studied by Levy and Scaife 


(1); (2) (3); (4) _- 
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(loc. cit.) since it was not necessary to assume dissociation other than into NO,+ and NO, to 
explain these reactions. Assuming this structure, dissociation into NO+ and NO,~ could only 
occur as a result of transfer of an oxygen atom, whereas this dissociation appears to arise in 
reactions involving electron transfer only; it should be noted, however, that such atom transfer 
in the dissociation 250, == SO*+ + SO,?- is envisaged by Jander and Wickert (loc. cit.) as a 
basis of the sulphur dioxide solvent system. It has already been emphasised that the ionic or 
covalent character of the reacting molecules has a pronounced influence on the nature of 
dissociation of N,O,; structure (II), favoured by Pauling (‘‘ The Nature of the Chemical Bond ’’, 
Cornell Univ. Press, 1945, p. 271), appears capable of dissociation at either position (1) or (2). 
The resonance state of this molecule, the strength of bonds (1) and (2), and thus the point of 
fission, may well be influenced by the ionic character of the molecules with which it reacts, but 
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this structure is at variance with the requirements regarding symmetry (Sutherland, Proc. Roy. 
Soc., 1933, A, 141, 342). However, structure (III) (Longuet-Higgins, Nature, 1944, 158, 408) 
appears to be similarly capable of dissociation into either NO,+ and NO,~ [at (4)], or NO+ and 
NO,- [at (3)], without atom transfer, and is supported by available physical data. 

Liquid Dinitrogen Tetroxide—Metal Reactions.—Experimental evidence on this aspect is at 
present limited. The alkali metals, including lithium, react readily; magnesium shows no sign 
of attack after 3 days’ contact with the liquid, and reaction with calcium is slight. Some of the 
metals of the transition series undergo slow reaction; thus, zinc develops a coating of nitrate 
after about 20 hours, mercury reacts (Divers and Shimidzu, J., 1885, 47, 630) to form a mixture 
of mercuric and mercurous nitrates, and finely-divided copper gives a mixture of cuprous and 
cupric nitrates. Although the rate of reaction depends upon many factors, including the 
physical state of the metal, the scheme 


Metal + N,O,(l) —> Metal nitrate+NO .... . (6) 


satisfies all reactions yet studied, and in no case has the formation of nitrate been found or 
reported. In contact with the liquid, sodium metal rapidly becomes coated with a white layer 
of sodium nitrate (free from nitrite), and if this loosely attached layer is removed by agitation of 
the reaction tube, the reaction quickly proceeds to completion. At room temperatures the nitric 
oxide is evolved, although at lower temperatures or under pressure some of the nitric oxide 
remains associated with the medium as green-blue dinitrogen trioxide. The above metal— 
medium reactions can, therefore, readily be explained on ionic equation (3), and the following 
equations illustrate the direct analogy with the water and liquid ammonia systems : 


2Na + 2H,O = 2NaOH + H, 
Na + N,O, = NaNO, + NO 
2Na + 2NH, = 2NaNH, + H, (using catalyst) 


In each case the solvent cations (i.e., H+ or NO*+ ions) can be regarded as ready electron- 
acceptors in view of the stability of the H, and NO molecules, so that each reaction can be 
considered as involving the transfer of an electron from the metal to the solvent cation. In the 
liquid sulphur dioxide system, the low order of stability of sulphur monoxide implies that the 
SO*+ cation accepts electrons much less readily; this is in accord with the experimental 
observation that sodium does not dissolve in or react with liquid sulphur dioxide. 

In some of their experiments on the addition of liquid dinitrogen tetroxide to olefins, Levy 
and Scaife (loc. cit.) employed the reagent diluted with organic solvents. The possibility that 
this dilution may itself influence the mode of dissociation could not be dismissed on theoretical 
grounds alone. However, when sodium is immersed in benzene solutions of the tetroxide, 
reaction (6) again proceeds, and is not influenced except in velocity by the benzene content of 
the medium. Any attempt to explain these metal reactions on the basis of dissociation into 
NO,*+ and NO,- would involve the intermediate formation of sodium nitrite, which we have 
found to be stable in contact with the liquid. 

Nitrosyl Chloride—Metal Reactions.—Because of the low concentration of the solvent cation 
NOt in pure liquid dinitrogen tetroxide, ready reaction with this medium is restricted to the 
more electropositive metals. However, increase in concentration of the solvent cation by the 
addition of nitrosyl chloride gives rise to a solution which is capable of reacting with a wide 
range of metals inert to liquid dinitrogen tetroxide alone. For example, zinc, iron, and tin are 
attacked by such solutions, although we have found that attack of certain other metals such as 
bismuth, chromium, and tungsten is negligible even by solutions containing 50% of nitrosyl 
chloride. The reactions follow the general course 


(metal) M + 2NOC] = MCI,+2NO ..... . (7) 
which is comparable with M + 2HCl = MCl, + H, 
and M + 2NH,Cl = MCl, + H, + 2NH, 


and it is of interest that, although liquid sulphur dioxide is inert to such metals as sodium and 
potassium, thionyl chloride reacts with sodium and even tin and antimony, to give sulphur 
monoxide as the initial product (Schenk and Platz, Z. amorg. Chem., 1933, 215, 113), 
M + SOCI, = MCI, + SO, and it is to be anticipated (Luder, Chem. Reviews, 1940, 27, 547) 
that the same reaction will proceed in liquid sulphur dioxide medium, particularly since sulphur 
dioxide is one of the decomposition products of the monoxide. The insoluble metal chloride 





S 216 Addison and Thompson: The Liquid 


produced by reaction (7) is usually combined with nitrosyl chloride. Many metal chlorides are 
known to form double salts when treated with nitrosyl chloride alone (Sudborough, J., 1891, 59, 
655) or in carbon tetrachloride (Rheinboldt and Wasserfuhr, Ber., 1927, 60, 732), and preliminary 
experiments indicate that the complexes formed as a result of nitrosyl chloride—metal reactions in 
liquid dinitrogen tetroxide are similar in character. These salts are either unstable addition 
compounds (e.g., ZnCl,,NOCl) or more stable complex salts of the nitrosyl radical (Asmussen, 
Z. anorg. Chem., 1939, 248, 127) {e.g., (NOt), [SnCl,]*-}. The nitrosyl complexes are acids in 
this solvent system, and their method of preparation is similar in principle to that of the 
corresponding acids (e.g., H,[SnCl,]) in the aqueous system. 

Although acid—base reactions in liquid dinitrogen tetroxide are clearly ionic, the significance 
of the NO* ion in reactions between metals and nitrosyl chloride in this medium merits further 
consideration. In order to compare the behaviour of nitrosyl chloride in liquid dinitrogen 
tetroxide with its behaviour when dissolved in other solvents, solutions were prepared containing 
the same concentration of nitrosyl chloride (11-6%) in pure dinitrogen tetroxide and in pure 
carbon tetrachloride. A small rectangular plate of ‘“‘ AnalaR”’ zinc weighing approximately 
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3 g. and of surface area 3-5 cm.* was immersed in 10 g. of NOCI-N,O, solution. The reaction 
proceeded readily at first but the rate decreased as the metal surface became covered with a 
layer of zinc chloride—nitrosyl chloride complex. After 5 minutes’ contact the zinc plate was 
removed from the liquid and dropped into a large volume of water. The layer of yellow chloride 
complex dissolved immediately; the dried metal was then re-weighed and returned to the 
solution, the process being repeated several times. A parallel experiment was carried out using 
the solution in carbon tetrachloride, and the results are shown graphically in the figure. Except 
for a higher rate of reaction with the carbon tetrachloride solution on initial immersion, the 
cumulative-loss curves A and B follow an almost parallel course for the two media. The fall 
away in the successive-loss curves C and D is to be attributed to decreasing nitrosyl chloride 
concentration, and the somewhat lower values of successive loss in the carbon tetrachloride 
solutions in later experiments follows from the greater decrease in nitrosyl chloride concentration 
on initial immersion of the metal. It is clear that nitrosyl chloride is not more reactive with 
zinc when dissolved in dinitrogen tetroxide than when dissolved in carbon tetrachloride. 

A study of the influence of nitrosyl chloride also supports the belief that its ionisation is 
influenced but little by solution in dinitrogen tetroxide. Where electron transfer takes place 
between the metal and solvent cations in a strongly ionising medium, as with aqueous solutions 
of mineral acids, the rate of solution of a metal passes through a maximum with increasing 
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acid concentration and decreases considerably as ionisation diminishes at very high acid 
concentrations. In general, where an acid which is itself capable of slight ionic dissociation is 
dissolved in a non-ionising medium, the rate of reaction should increase with concentration 
throughout the whole concentration range. This has been found to be the case with solutions of 
nitrosyl chloride in dinitrogen tetroxide. For example, pure iron when placed in a 10% solution 
of nitrosyl chloride suffered negligible attack; at 50% the attack was rapid, and pure liquid 
nitrosyl chloride attacks iron violently (Sudborough, Joc. cit.). Again, we have found that 
bismuth is but slightly attacked by a 50% solution, although it is readily attacked by pure 
liquid nitrosyl chloride. Magnesium, which does not react with pure nitrosyl chloride, is also 
unattacked by solutions of nitrosyl chloride in liquid dinitrogen tetroxide, and we have observed 
no cases where a metal is attacked by a NOCI-N,O, solution more readily than by nitrosyl 
chloride alone. E 

However, while the reaction between nitrosyl chloride and metals can be explained at least 
qualitatively on the above ionisation hypothesis, the possibility of direct reaction between the 
metals and the nitrosyl chloride molecules cannot yet be dismissed. The reactions occur at the 
metal surface, and in the case of those metals (e.g., zinc) which do not react very readily with 
dinitrogen tetroxide alone, reaction can be considered as occurring as a result of collision between 
(a) NOt ions and (b) NOCI1 molecules with the metal surface. Because of the stability of the 
nitric oxide molecule, electron transfer to the NO+ ion will clearly be the more ready process, 
but in view of the ionic character of the N—Cl bond, collision between an NOCI molecule and an 
electropositive metal atom may well result in dissociation of the NOCI to produce an insoluble 
ionic chloride at the metal surface, with the evolution of nitric oxide. The metal reactions 
outlined above are thus capable of interpretation by either of the two mechanisms; it seems 
possible that both occur, and the topic will be treated quantitatively in later papers in this series. 

Amphoteric Behaviour.—The existence of amphoteric behaviour in the liquid dinitrogen 
tetroxide system further enhances the analogy with the aqueous, liquid ammonia and liquid 
sulphur dioxide systems. For example, zinc metal reacts very slowly with the liquid tetroxide, 
but the reaction is vigorous in the presence of nitrosyl chloride (v. supra). However, if the 
liquid tetroxide is rendered basic by the addition of diethylammonium nitrate, a vigorous 
reaction again occurs : 


Zn + (Et,NH,)NO, + N,O, —~> (Et,NH,),[Nitrato-zincate complex] + NO (8) 


Nitric oxide is rapidly evolved, and the zinc complex dissolves in the medium. The reaction is 
directly comparable with 


Zn + 2NaOH + 2H,O = Na,[Zn(OH),] + H, (in H,O) 
Mg + 2NaNH, + 2NH, = Na,[Mg(NH,),] + H, (in NH,) 


The nitrato-zincate complex (equation 8), solvated with several molecules of dinitrogen 
tetroxide, may be crystallised from the solution. Its composition depends upon conditions of 
crystallisation, and will be discussed in detail in a later part. 

Zinc nitrate can be obtained in the anhydrous state by allowing zinc metal to stand for some 
hours in contact with liquid dinitrogen tetroxide, when the salt is formed as a white coating on 
the metal. When diethylammonium nitrate is added to the liquid, the white solid quickly 
dissolves. Thus zinc nitrate may be regarded as an amphoteric base in the dinitrogen tetroxide 
system. 

The reaction 


Zn(NO,), + (Et,NH,)NO, —~> (Et,NH,),[Nitrato-zincate complex] 
is then analogous to reactions in other systems, viz. 
Zn(OH), + 2NaOH = Na,[Zn(OH),] (in H,O) 
Zn(NH,), + 2NaNH, = Na,{Zr.(NH,),] (in NH;) 
Al,(SO3)3 + 3(Me,N),SO, = 2(Me,N),[Al(SO3)5] (in SO,) 
The nitrato-zincate complex is soluble in diethylammonium nitrate-dinitrogen tetroxide 
mixtures, and no precipitation of zinc nitrate takes place when this solution is treated with 
nitrosyl chloride. The complex is almost insoluble, though stable, in the presence of tetroxide 
alone. In this respect it resembles the ammonozincate, which is stable in liquid ammonia, 


rather than the aquozincate complex, which is only stable in an aqueous solution containing 
excess of hydroxy] ions. 


THe UNIvERsITY, NOTTINGHAM. (Received, July 13th, 1948.} 
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S47. The Liquid Dinitrogen Tetroxide Solvent System. Part II. 
Inquid and Solid Solutions of Nitrosyl Chloride in Dinitrogen 
T etroxide. 


By C. C. Appison and R. THompson. 


A study of the binary phase system nitrosyl chloride—dinitrogen tetroxide has shown that 
compound formation between these two components does not occur. The liquidus curves form 
a simple eutectic system, while the solidus curves indicate that the components are partially 
miscible in the solid state and that two solid solutions are formed. The miscibility limits 
in the solid state are discussed in relation to the structure of the pure solids. 


THE significance of nitrosyl chloride in the dinitrogen tetroxide acid-base system has been 
discussed in Part I (preceding paper). Combination of NO, molecules to form N,O, occurs 
readily, and in view of the general similarity between the NO, and the NOCI structure, it 
appeared that compound formation between these molecules might also occur. The presence 
of any such compound in the liquid state would clearly influence the chemical behaviour, and 
the effective concentration, of nitrosyl chloride dissolved in liquid dinitrogen tetroxide, and the 
tetroxide could no longer be regarded simply as a medium for reaction. Thermal analysis of 
the two-component system nitrosyl chloride—dinitrogen tetroxide has therefore been carried 
out. The liquidus curves form a simple eutectic system and indicate the absence of com- 
pound formation. On cooling liquid mixtures of these two compounds, it was clear that the 
crystals obtained on either side of the eutectic contained both components and that the system 
had the typical eutectic form involving two solid solutions, with partial miscibility in the solid 
state. Since the miscibility limits are related to the structure of solid nitrosyl chloride and 
dinitrogen tetroxide, the positions of the solidus curves have also been obtained with accuracy. 


EXPERIMENTAL, 


Preparation of Liquid Dinitrogen Tetroxide—Powdered lead nitrate, previously dried for 2 hours 
at 120°, was heated in a steel tube in 250-g. batches. The evolved gas was passed through a 30 x 2cm. 
glass tube packed with phosphoric oxide and liquefied in a condenser (Fig. la) cooled in solid carbon 
dioxide—acetone at —15°; because of the attack on rubber by the gas, ground-glass joints were used 
throughout. The liquid tetroxide was purified by distillation through further tubes of phosphoric 
oxide. Unless the lead nitrate was well dried, blue dinitrogen trioxide condensed with the tetroxide, 
and could not be removed on subsequent distillation, except in a stream of oxygen. It is still generally 
considered * that calcium chloride may be used asa drying agent. This is not permissible, since reaction 
occurs with dinitrogen tetroxide to form nitrosyl chloride. On cooling, the pure liquid tetroxide super- 
cooled for several degrees, then solidified at —9-3° from a pale straw-coloured liquid to a colourless 
solid. With gentle agitation the solid collects as a coherent glassy layer on the sides of the vessel; 
this layer is only detached by strong agitation, but in the presence of even a small amount of nitrosyl 
chloride as impurity this is prevented, and the solid separates as a mass of heavy, granular crystals. 

Preparation of Nitrosyl Chloride.—Nitrosyl chloride was prepared by the method: of ittaker, 
Lundstrom, and Merz (Ind. Eng. Chem., 1931, 28, 1410) from dinitrogen tetroxide and moist potassium 
chloride. The gas evolved from 150 g. of lead nitrate was passed first through a 60 x 2 cm. tube of 
crystalline potassium chloride containing about 2-5% of moisture, then through a drying tube of similar 
dimensions containing 10—20 B.S.S. mesh calcium chloride, and the liquid was collected in a con- 
denser similar to that used for the tetroxide, cooled in solid carbon dioxide—acetone at —40°. The 
conversion of dinitrogen tetroxide into nitrosyl chloride in the reaction tube is evident by a sharp 
colour change from brown to greenish-yellow, and the progress of the reaction can be followed by 
movement of the colour boundary along the tube. Since the reaction KCl + N,O, = KNO, + NOC 
occurs at the crystal surface (Part I), the potassium chloride becomes exhausted in a single experiment 
before an equivalent amount of tetroxide has reacted, but reaction is partly restored after some days’ 
standing, owing presumably to the mechanical breakdown of the crystals to expose fresh surface. With 
fresh potassium chloride the reaction is rapid, and it was not found necessary to re-cycle the gas. 

The corresponding reaction with calcium chloride is much slower; a single passage of the gas 
through a tube packed with calcium chloride comparable in quantity with the potassium chloride 
used (at such a rate that reaction with potassium chloride would have been complete) gave about 10% 
conversion into nitrosyl chloride. Therefore, calcium chloride placed in the gas stream after passage 
of the gas over potassium chloride serves as a suitable drying agent. The purity of the nitrosyl chloride 
was confirmed by m. p. and analysis. The m. p., determined as described below for N,O,-NOCI mix- 
tures, was —60-8°, which compares favourably with the value of —61-5° reported by Whittaker, Lund- 
strom, and Merz (/oc. cit.) and Trautz and Gerwig (Z. anorg. Chem., 1924, 184, 409). 

Solid nitrosyl chloride separated from the liquid in the form of thin, feather-like flakes and appeared 
to differ little in density from the liquid. There is some confusion in the literature concerning the 
colour of solid nitrosyl chloride; Francesconi and Bresciani (Atti R. Accad. Lincei, 1903, 12, 75) report 


* E.g., Thorpe’s “Dictionary of Applied Chemistry”, 4th Edn., 1946, p. 524; Partington, ‘‘General 
and Inorganic Chemistry”’, Macmillan, 1946, p. 582. 
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the crystals to be lemon-yellow at the temperature of liquid air, and Partington (op. cit., p. 580) states 
that the liquid freezes to a lemon-yellow solid. In common with Whitteber pated of and Merz 
(loc. cit.) and van Heteren (Z. anorg. Chem., 1899, 22, 277), we find the c to be blood-red in colour. 

Preparation of Dinitrogen Tetroxide—Nitrosyl Chloride Mixtures.—The mixtures were prepared by 
adding the tetroxide to the nitrosyl chloride in approximately the required proportion, followed by 
analysis of the mixture. It was found convenient (see below) to adjust the concentration by further 
additions of tetroxide rather than of nitrosyl chloride, and the order of the determinations was from 


with the atmosphere. The condensers used in the preparation of both liquid dinitrogen tetroxide and 

liquid ty chloride were as shown in Fig. 1 (a) (without thermometer, but with B 14 ground-glass 

stopper at A and a guard tube packed with phosphoric oxide at C). The condensers differed only in 

the ground (B 7) joint C; the cone was attached to the nitrosyl chloride, and the socket to the dinitrogen 
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tetroxide condenser. After condensation of suitable quantities of the two liquids, the condensers 
were disconnected from the remainder of the apparatus at ground-glass joint B and immediately 
stoppered. In order to add liquid tetroxide to the nitrosyl chloride, the two condensers were con- 
nected at joint C and the combined apparatus tilted to allow the tetroxide to pour through joint C 
into the nitrosyl chloride condenser. Since it was necessary to carry out this tilting operation in the 
air, the condensers were given preliminary cooling by immersion in a bath of solid carbon dioxide— 
acetone and little evaporation took place during the transfer of the liquid tetroxide. However, con- 
siderable evaporation of nitrosyl chloride (b. p. —5-5°) occurred in the tube carrying joint C if attempts 
were made to pour this liquid into the tetroxide condenser. The two condensers were then separated, 
stoppered at C, and m. p. determinations and analyses of the liquid mixtures were carried out as 
described below. During the course of opening and closing joints A, B, and C, there are short intervals 
of time in which the gaseous contents of the condensers are in contact with the atmosphere; it was 
arranged that during these intervals the temperature of the liquid was rising slowly, so that a gentle 
stream of gas issued from the open joint, saree ingress of moist air. 

Sampling and Analysis of Dinitrogen Tetroxide—Nitrosyl Chloride Mixtures.—In taking a sample of 
the —. from the condenser (Fig. la), it is again imperative that any contact with the atmosphere 
should be avoided. A “ Pyrex ’’ tube (5 x 0-8 cm.) carrying a B 7 socket was drawn out (Fig. 10) 
to an overall length of about 10 cm., and a fine tail drawn from the bulb E. The phial was weighed, 
and joint D attached to the condenser at C. The liquid was then poured into the phial (which was 
previously cooled to a temperature only slightly above that of the liquid) by tilting the condenser. On 
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removal, the phial was immediately sealed in the flame at the tail and gontion F, and re-weighed. The 
weights of sample taken varied within the range 0-25—1-25 g., depending on the nitrosyl chloride con- 
tent. The phial was then transferred to a stout, stoppered glass bottle containing 100 ml. of N-potassium 
hydroxide solution, and the bottle shaken vigorously in order to break the phial. The excess of hydroxide 
was neutralised with nitric acid, the solution rendered slightly acid, and hydrazine sulphate added to 
destroy the nitrite produced during hydrolysis. The chloride content was determined gravimetrically. 
Whittaker, Lundstrom, and Merz (/oc. cit.) have shown that analyses of nitrosyl chloride prepared by 
the method described above, based on either chlorine or nitrogen content, agree to within 0-1%; in 
these experiments the nitrosyl chloride content of the mixtures was deduced from the chloride analysis. 
In their analyses, those authors carried out hydrolysis on the gaseous nitrosyl chloride, and owing to 
the presence of traces of air were unable to obtain a purity greater than 97-4%. The technique described 
above, in which the liquid is hydrolysed directly, overcomes this difficulty and when applied to the 
analysis of nitrosyl chloride alone gave a purity of 99-7%. 
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Liquidus Curves.—When a liquid mixture of nitrosyl chloride and dinitrogen tetroxide is cooled, 
the degree of supercooling varies with the proportions of the components, and over a large part of the 
concentration range supercooling is considerable. The crystallisation temperature could not therefore 
be determined accurately from cooling curves, but was determined with an accuracy of +0-1° from the 
corresponding warming curves. The stopper at A of the condenser (Fig. la) was removed, and a toluene 
thermometer T (calibrated at the m. p.s of ice and of pure chloroform) inserted as shown, the bulb being 
immersed in about 10g. of the liquid. This quantity was maintained for all m. p. determinations. 
Stirring of the liquid was effected by means of the thermometer, the socket A being packed with asbestos 
to give a plug which, while excluding air, permitted free movement of the thermometer and was not 
attacked by the vapours. The lower tube of the condenser was immersed, with continual stirring of 
the liquid, in acetone-solid carbon dioxide until about one-third of the liquid had crystallised. It was 
then transferred to an air-bath surrounded by cold acetone at a temperature slightly above that at 
which it was anticipated that all crystals would have disappeared. Temperature—-time warming curves 
were plotted, and showed a clear break at a point corresponding to the disappearance of crystals. 
Temperatures corresponding to these breaks were plotted against composition to give the liquidus 
curves in Fig. 3. 

Solidus Courves.—Preliminary experiments had shown that crystals separating from the NOCI-N,O, 
mixtures on either side of the eutectic composition E (Fig. 3) were solid solutions of the two components. 
Determination of solidus curves from the second break in the cooling or warming curves is inaccurate 
because of the difficulty in ensuring a uniform temperature throughout the unstirred solid. The follow- 
ing techniques have been found to be accurate, and to give identical curves. 

(a) Chemical analysis of the crystals. After determination of the liquidus temperature of the mix- 
ture, the weighed phial (Fig. lc) was attached to the condenser (Fig. la) by the joints C and G. The 
contents of the condenser were poured into the bulb of the phial, which was then stoppered and cooled 
until approximately 1 g. of the crystals separated in the bulb. The mother-liquor was poured away 
through the glass-wool plug S by inverting the phial, which was then allowed to warm gradually until 
about 0-3 g. of the crystals remained. The liquid produced washed the remaining crystal free from 
mother-liquor, and drained away through the plug. Traces of liquid remaining were removed under 
slightly reduced pressure, and the limbs of the phial sealed in the flame. The phial was re-weighed, 
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broken in a stoppered bottle containing potassium hydroxide, and the chloride content determined as 
described above. However, separation and chemical analysis of the crystals is tedious, and the follow- 
ing alternative technique was found to be rapid and to give equally satisfactory results. 

(b) Thermal analysis. When a mixture of composition X is cooled along XA (Fig. 3) the crystals 
which first separate as the liquidus curve is reached ser composition B. If these crystals are separated 
from the mother-liquor and warmed, their composition may be determined accurately from the temper- 
ature C at which the last crystals disappear, by reference to the established liquidus curve. This 
technique is only ideal if a very small proportion of the original mixture is separated as crystals, or if 
a larger t power d of the crystals is allowed to come to equilibrium with the liquid. Under the con- 
ditions of continuous cooling employed, this equilibrium cannot be realised and the composition of 
the crystals separating at temperatures below AB moves along BD onthe soliduscurve. The following 
technique was therefore employed to separate the smallest proportion of crystals consistent with accurate 
m. p. determination. About 125 g. of the liquid mixture were collected in a condenser similar to that 
shown in Fig. la but having a larger bulb, and transferred to vessel L (Fig. 2, but without thermometer) 
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by attaching joints C (Fig. la) and N (Fig. 2) through a B 7-B 14 adapter. With the thermometer in 
position and joint P stoppered, point A (Fig. 3) on the liquidus curve was determined. The thermo- 
meter was removed, and the liquid cooled until about 10 g. of crystals separated in the well W. By 
careful inversion of vessel L, the mother-liquor was then poured through joint R into the vessel M, 
which was made identical with L so that by appropriate adjustments in concentration, the whole series 
of determinations could be carried out using the same apparatus. This inverted position being main- 
tained, vessel L was then allowed to warm until about 4 g. of the crystals remained. The liquid pro- 
duced drained away, and washed the remaining crystals free from mother-liquor. Again, during this 
melting process the crystals which melt will be those farthest removed in composition from point B. 
In this system a 3% variation in composition on the liquidus is equivalent to about 2% variation on the 
solidus curve. The crystals remaining (3% of the total mixture) will therefore have a composition 
varying uniformly over the range B to (B + 2)% (Fig. 3). Since solidus curves can be considered to 
be straight over short ranges, the composition of the homogeneous liquid obtained by melting these 
crystals will have the composition (B + 1)%. Vessel L was restored to the vertical position and 
warmed to obtain this liquid, which when collected in the well W was more than sufficient to cover 
the bulb of the thermometer. From warming curves on this liquid, point C on the liquidus curve was 
obtained. The intersection of AB and BC gives a point on the solidus curve which has the correct 
temperature value, but is 1% too high in concentration. Similar considerations apply on the nitrosyl 
chloride side of the eutectic, and also to the results of chemical analysis of the crystals; these corrections 
have been applied in drawing the solidus curves in. Fig. 3. 


Results and Discussion. 

The full phase diagram is shown in Fig. 3. The liquidus curves fall smoothly from the 
melting points of the pure components to a simple eutectic point E at —74-8°. On the 
tetroxide side of the eutectic the granular crystals obtained on cooling the liquid varied in colour, 
with increasing nitrosyl chloride concentration, from colourless to deep orange. The hexagonal 
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shape of these crystals appeared to be unchanged throughout the full (i.e., 0—32%) nitrosyl 
chloride concentration range available in the «-solid solution. On progressive addition of the 
tetroxide to nitrosyl chloride the crystals of 8-solid solution varied in colour from blood-red to 
pale red, and resembled in shape the feather-like flakes of pure solid nitrosyl chloride throughout 
the full (0—26%) tetroxide concentration range. Crystallisation of a liquid of eutectic com- 
position (59-3% of nitrosyl chloride) gave a tangerine-coloured mixture of the «- and the #-solid 
solutions. On cooling mixtures having nitrosyl chloride content greater than the eutectic 
value, little supercooling occurred, and the solidus curve fell smoothly to the limiting value F. 
However, over a nitrosyl chloride concentration range of approximately 5—25%, considerable 
supercooling occurred unless the liquid was strongly agitated. The full solidus curve K was 
obtained by cooling the liquid slowly with violent shaking, supercooling then not exceeding 
about 2°. If the liquid was allowed to supercool considerably, the composition of the crystals 
which ultimately separated differed from the equilibrium values (curve K), and the solidus 
curve under these supercooled conditions is shown in Fig. 3 as the broken line H. These values 
are not random, but appear to represent the equilibrium values (on solidus K) corresponding 
to the lowest temperature reached on supercooling. Thus in Fig. 3, a liquid mixture of com- 
position L deposits crystals of composition N in the absence of appreciable supercooling. If 
the liquid supercools to a temperature corresponding to PR, the crystals which deposit have the 
composition P (i.e., the equilibrium value equivalent to a liquid of composition R rather than L),. 
Since the extent of supercooling may be as much as 15°, the nitrosyl chloride concentration P 
differs appreciably from the true value N, and the broken line H traces the values of point M 
for the concentration range over which supercooling is significant. 

Stockdale (Trans. Faraday Soc., 1936, 32, 1365) has suggested that in binary eutectic mixtures 
a simple ratio may exist between the molecular proportions of the two components at the 
eutectic composition. It is of interest that in this system the eutectic ratio N,O,: NOCI is 
almost exactly 1:2. It is probably of greater significance that the molecular ratios of the two 
components at points D and F are also simple. In so far as the positions of points D and F 
on the curve of solid miscibility are determined by the eutectic temperature, the composition 
of the solid solutions at these points may be regarded as somewhat accidental values. How- 
ever, only those portions of the miscibility curve which lie below the eutectic temperature 
(represented in approximate position in Fig. 3 by the lines DD’ and FF’) are attainable under 
ordinary conditions. The solid immiscibility range in systems of this type normally narrows 
with increase in temperature; therefore point D, for example, represents the maximum amount 
of nitrosyl chloride which can enter into solid solution with dinitrogen tetroxide under all 
normal conditions, and the miscibility limits D and F should be capable of interpretation in 
terms of molecular ratios. In alloy systems of this type, where solid solution involves re- 
placement of discrete atoms, the limiting atomic ratios need not be very simple; but Vegard 
(Z. Physik, 1931, 68, 184) has shown from X-ray crystallographic data that solid dinitrogen 
tetroxide has a cubic structure, and that the unit cube contains only twelve NO, units. 
Although the difference between the atomic volumes of chlorine and oxygen is sufficient 
to prevent the formation of a continuous series of solid solutions, the NO, and NOC 
molecules have similar structure; it is therefore to be anticipated (a) that several of the 
NO, units in the unit cube should be capable of replacement by NOCI1 without undue dis- 
tortion of the crystal lattice, and (b) that the molecular ratio of the components at point D 
should total 12 or a factor of 12. The actual NO, : NOCI ratio at D is 3: 1, indicating that 
maximum miscibility in the a-solid solution is reached when three of the twelve NO, units 
in the unit cube are replaced by NOCI. It is of interest that Vegard represents the twelve 
NO, units in the unit cube as arranged in three mutually perpendicular groups parallel to 
the sides of the cube. Whether the NO, units are discrete in the solid state, or in the form 
of N,O, molecules as postulated by Hendricks (ibid., 1931, 70, 699), need not be considered here. 

The molecular arrangement of nitrosyl chloride molecules in the solid state is not known, 
but it is noteworthy that the NO, : NOCI ratio at point F is 1:2. Since the crystal form of 
the B-solid solution resembles that of the pure solid nitrosyl chloride and appears to be inde- 
pendent of composition, the molecular arrangement of the @-solid solution is probably that of 
solid nitrosyl chloride, which is stable provided that not more than one in every three NOCI 
units is replaced by NO,. 


The authors express their thanks to the City of Stoke-on-Trent Education Committee for a grant 
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$48. The Halides of Columbium (Niobium) and Tantalum. Part I. 
The Vapour. Pressures of Columbium (Niobium) and Tantalum 
Pentachlorides and Pentabromides.* 


By KENNETH M. ALEXANDER and FRED FAIRBROTHER. 


Measurements have been made, by a static method using a Bourdon-type sickle gauge, of 
the vapour pressures of carefully purified specimens of the pentachlorides and pentabromides 
of columbium and tantalum, and the latent heats of change of state calculated. M. p.s: 
CbCl;,, 209-5°; TaCl,, 220-0°; CbBr,, 267-5°; TaBr,, 280-0°. B. p.s(760 mm.): CbCl,, 254-0°; 
TaCl,, 239-3°; CbBr,, 361-6°; TaBr,, 348-8°. The tantalum halides, especially in the liquid 
state, are more volatile than the corresponding columbium compounds. lid CbCl, is 
dimorphous: white («) > yellow (8), transition temperature 183°. 


THE pentachlorides of columbium and tantalum have been reported (Grosse and Ipatieff, J. Org. 
Chem., 1937, 1, 559; Dermer and Billmeier, J. Amer. Chem. Soc., 1942, 64, 464) to be effective 
as catalysts in the ethylation of benzene and the alkylation of toluene. These experiments 
indicate that their catalytic activity in other reactions may be very good, but the possibilities 
of these chlorides as Friedel—Crafts-type catalysts have not been fully investigated. The 
catalytic activities of the bromides do not appear to have been examined. 

The present work was undertaken in the first place as part of a study of the chemical and 
physical properties of these substances which may be relevant to their behaviour as catalysts, 
and with a further view to examining the possibilities of methods of achieving the difficult 
separation of columbium and tantalum, alternative to the fractional crystallisation of the salts 
of the fluoro-acids. As a first step, accurate measurements have been made, by a static 
method, of the vapour pressures of pure specimens of these halides, and the corresponding 
heats of change of state calculated. In the course of this work we have been able to demon- 
strate the existence of two enantiotropic modifications of CbCl,, with a transition temperature 
of 183°. 

Apart from isolated estimates of the boiling points, only two previous investigations of the 
vapour pressures of CbCl, and TaCl, have been reported. In the first, by Opykhtina and 


Fleisher (J. Gen. Chem. Russia, 1937, 7, 2016), a dynamic method was used, a current of 
chlorine being streamed over the substances. In the second, by Taresenkov and Komandin 
(ibid., 1940, 10, 1319), the vapour pressures of the solids were measured by a simple mercury 
tensimeter in which the vapours were in contact with the mercury meniscus, and above the 
melting points by the determination of the boiling points at various pressures. The results of 
these determinations differ somewhat from one another and from the present results. We 
can find no recorded measurements of the vapour pressures of the pentabromides. 


EXPERIMENTAL. 


The halides were prepared by direct halogenation of the pure metals. The arc spectra of the sheet 
tantalum (from Messrs. Saeed Matthey & Co., Ltd.) and of the columbium powder (from Fansteel 
Metallurgical Corporation) were compared with those of ‘‘ H.S.”’ samples by means of a Hilger Type E2 
quartz spectrograph, and the plates enlarged 8 diameters; no lines additional to those of the spectro- 
graphic standards were observed. Cylinder chlorine was dried with sulphuric acid, liquefied, and the 
most volatile fraction used. ‘‘ A.R.’’ Bromine was treated with pure anhydrous calcium bromide and 
further dried with phosphoric oxide. The nitrogen used as a carrier gas was freed from traces of oxygen 
by hot copper turnings, and after a preliminary drying was finally dried by alternately heating to 300° 
(to remove any fog) and cooling in liquid air. 

_ The arrangement of the halogenation chain is shown in Fig. 1. Dry nitrogen was passed through 
liquid chlorine or bromine, suitably cooled or warmed respectively, and led over some 5—10 g. of the 
metal: the latter was heated initially to 300—350° for chlorination and to 500—550° for bromination, 
but the heat of the reaction caused the metal to glow. On completion of the halogenation, the ion 
of the tube X—Y containing the solid halide was quickly cut off and slipped into the wide end of the 
fractionation chain S, which was then immediately sealed: this was the only exposure of the halide 
to the atmosphere, and the quantities used and the subsequent fractionation were such as to remove 
completely any hydrolysis products. Immediately after the crude halide had been sealed in the first 
bulb, the fractionation chain, consisting of 18 bulbs in series and two appendices (15 and 17), was 
evacuated and bulb 2 well out-gassed. The halide was then sublimed into bulb 2, leaving a slight 
residue in the first bulb, which was then sealed off. Bulb 3 was then out-gassed, the halide sublimed 
into it, and bulb 2 removed. These initial sublimations served to eliminate occluded gases, including 
excess of halogen, and any hydrolysis products. Bulbs 4—20, including the appendices, were baked in 
@ vacuum for an hour each at the softening temperature of the Pyrex glass, and the thickened 


* The authors prefer the name columbium which was given to this element in 1801 by the English 
chemist Charles Matchett, to the name niobium given by H. Rose in 1844. 
a 





S 224 Alexander and Fairbrother: The Halides of 


constrictions between the bulbs heated to dull redness. The halide was then slowly fractionated along the 
chain by means of a movable temperature-controlled electric-tube furnace. The most volatile fraction 
was sublimed right through the chain into the three terminal bulbs 18—20, and the main middle frac- 
tion finally divided between bulbs 14 and 16. Each of the latter was sealed from the chain and its 
contents (still in a vacuum) sublimed into the appendix and sealed off. Each appendix was provided 
with a flattened hook end of a shape which many trials had shown was best for the subsequent breaking. 
The appendices had been weighed empty before attachment to the main line at J, J. Since the latter 
joint was always visible as a thin line along which the glass could be sealed off, it was possible, by re- 
weighing after filling, to make a close estimate of the amount of halide in the tube—a necessary pro- 
vision since the large molecular weights of the halides (270-5 to 581) mean that a large weight of halide 
is required for complete saturation of the vapour at the higher temperatures. Yields of the penta- 
halides of the order of 97—99% (calc. from the weight of metal used) were obtained. 
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Vapour-pressuve Measurements.—The salient features of the apparatus were as follows. A very 
sensitive Bourdon-type sickle gauge, selected from some scores made for the purpose, was sealed into 
the all-Pyrex apparatus shown in Fig. 2. The sickle was provided with a 5” pointer whose tip moved 
0-18 mm. per mm. of mercury change of pressure: this movement was magnified x35 by a reading 
telescope, so that the pressures on the outside and inside of the sickle could easily be equalised to + 0:1 
mm. Hg. The balancing air pressure, controlled by the coarse, medium, and fine adjustment at 4, 
was observed by means of a wide-bore mercury manometer read by a cathometer with an Invar scale. 
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The gauge specimen chamber was provided with a 5-tube end E; one tube served for initial evacu- 
ation and four for subsequent re-evacuation (see later). The entire gauge was enclosed, as shown, in 
the high-temperature thermostat and inclined at an angle of about 20° to the horizontal, with the 
specimen chamber uppermost. This inclination was sufficient to prevent convection current disturb- 
ance following the admission of cold air to the gauge but small enough to prevent molten halide from 
running into the sickle. 

The constant-temperature enclosure, on the control of which the final accuracy largely depended, 
was constructed from 2}” diam. brass tube, 32” long, and was provided with two orthogonally situated 
mica-covered tubular observation ports, for the illumination and observation respectively of the 
indicating pointers. The tube was well lagged with kieselguhr in a 6” diam. asbestos-cement tube. 
The nichrome-tape heater windings around the tube were divided into three zones, each of which was 
controlled by a Cambridge Instrument Co. thermocouple temperature regulator. These windings, 
together with appropriate series—parallel resistances were so arranged that the ‘‘ on-off ’’ operation of 
the regulator only involved a small change of current in the windings. 
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The two outer zones (1 and 3) served to buffer the effects of room temperature on the central zone (2) 
and enabled a Sa a gradients within it to be minimised. A sliding thermocouple was used in all 


— to check the temperature gradient in the tube and to permit corrections to be made for 
individual variations in the zero deflections of the control galvanometers. When finally adjusted, the 
—_ gradient in the centre 18” of the tube—which contained all of the gauge except the tip 
of the sickle pointer—could be reduced to less than +0-5° at 300°, and the temperature variation of 
a given point within this centre zone to +0-15°. The temperatures of the halides were measured by a 
fifth, double-junction chromel—-alumel thermocouple, fixed alongside the specimen chamber. This 
thermocouple was calibrated against the freezing points of tin, lead, and zinc and the boiling point of 
water, and the calibration was used to construct an individual correction to the standard temperature— 
E.M.F. relation for chromel—-alumel thermocouples. The sliding temperature-gradient thermocouple 
and the fixed double-junction thermocouple were used in conjunction with a six-dial vernier potentio- 
meter, permitting the equilibrium temperature of the halide to be measured directly to +0°1°. 

The halide specimen tube was sealed inside the gauge specimen chamber, and the gauge evacuated 
and out-gassed at a temperature somewhat higher than any reached during a vapour-pressure deter- 
mination. The gauge was then sealed off at the centre outlet tube of the end E, cooled, the halide 
tube broken by gentle shaking, and the gauge fixed in position in the constant-temperature oven. 
Vapour-pressure measurements were made after adjusting the temperature to the required point and 
holding it constant to + 0-15° for about an hour whilst the sickle pointer was kept in the zero position 
by adjusting the external pressure, from which the measurements were taken. 
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The measurements with a given specimen extended over some weeks, only a few equilibrium deter- 
minations being possible during a single day: in the intervals between the measprements the gauge 
was returned to room temperature. The equilibrium temperatures were approached both from above 
(falling temperature), the gauge bey Bo heated to a slightly higher temperature, and from below. 
Measurements were made with each halide between zero pressure and atmospheric at approximately 
10° intervals in the lower regions of the P-¢ curves, and at intervals of about 50.mm. pressure in the 
higher regions, where the pressure was rising rapidly with temperature. Observations were so arranged 
that points approached from above alternated on the curve with those approached from below: both 
sets of measurements fell on the same smooth curve. Reproducible results were obtained with different 
specimens of the same compound, with different gauges and furnaces, and also in repeated “‘ runs” 
with the same specimen and apparatus. 

In each case, at the end of the first ‘‘ run” with a given specimen and gauge, the pressure, which 
had been zero at the beginning, did not return to zero but remained at a minimum of from 1 to 3 mm. 
of mercury. After re-evacuation of the specimen chamber through one of the multiple ends (E, Fig. 2) 
and repetition of the run, the same result was obtained; a residual pressure of 1 or 2 mm. of mercury 
at room temperature persisted even after the gauge had been re-evacuated and heated three times. 
This residual pressure developed during the first ‘‘ run ’”’ after the sealing, and did not increase there- 
after. Its origin was finally identified, in the case of TaBr,, by the temperature at which the residual 
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vapour condensed, as due to a trace of hydrogen halide, possibly due to a minute trace of water vapour 


liberated from the glass in the sealing-off process; the amount involved was estimated to be only of 
the order of a few hundredths of a milligram. This residual hydrogen halide was assumed to obey the 
gas laws and its partial pressure at each temperature subtracted from the total pressure indicated by 
the gauge. 

Discussion. 


The vapour-pressure measurements (in mm. of Hg at 15°) are given in Table I and in the 
curves of Fig. 3. Values of log p against 1/T have also been plotted (Fig. 4) by taking equal 
small intervals from the p—¢ curves when plotted on a large scale: from these the latent heats 
of change of state have been calculated by the Clausius—Clapeyron equation. These heats are 
given in Table II, together with the triple points and boiling points of the halides; L,, L,, and 
L, (the last by difference) refer respectively to the molar heats of sublimation, volatilisation, 
and fusion. 


TABLE I. 


Temp. Temp. 
424242ceS—. —oO 
Rising. Falling. V.p. Rising. Falling. V.p. 
(mm.) (mm.) 


Columbium pentachloride. 

204-7° 192-6 230-6° 
209-1° 234-9 

212-1 258-4 239-3 
216-3 290-5 
220-1 324-4 248-0 

223-5 357-4 
227-4 395-6 254-6 


Tantalum pentachloride. 


196-0 141-1 223-4 
+ 200-7 180-2 

205-9 228-8 230-1 
210-7 291-2 

214-8 348-4 238-1 
218-7 418-6 
221-1 468-5 


Tantalum pentabromide. 


228-3 
267-6 
311-0 
354-7 
421-2 
443-5 


Columbium pentabromide. 


293-6 130-2 
299-9 154-9 
306-5 185-5 
308-5 198-3 
313-5 223-5 
317-2 246-5 
321-2 274-6 
324-1 293-6 
329-1 336-4 
330-7 350-4 
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TABLE II. 
Temp. | ae 2 Com- Temp. ce Com- Temp. | a 


range. kcals. kcals. pound. range. kcals. kcals. pound. range. kcals. kcals. 


155—183° 225 — TaCl, 140—175° 24-0 CbBr, 270—360° — 18-7 
183—209 209 — 175—220 22-0 TaBr, 250—280 25:83 — 
210—254 — 13-2 220—240 — , 290—350 — 149 


Ly, B. p. Com- Ly, B. p. 
kcals. Triple pt. (760 mm.). pound. kcals. Triple pt. (760 mm.). 

7-7 209-5° + 0-5° 254-0° + 0-1° CbBr,; oa 267-5° + 1-0° 361-6° + 0-1° 

8-4 220-0 + 0-5 239-3 + 0-1 TaBr, 10-9 2800 +10 3488 +01 


Transition temperature, CbCl,(«) > CbC1,(8): 183°. 
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The graphs of CbCl,, TaCl,, and TaBr, clearly show breaks at the triple points, the positions 
of which were also confirmed by direct m. p. determinations in vacuum; CbCl, also shows a 
break in the solid—vapour equilibrium at 183°. This is probably the transition temperature, 
for solid CbCl, is quite clearly dimorphous. The high-temperature modification, which we 
will call CbC1,(8), and which is formed when the liquid solidifies or the compound is rapidly 
sublimed in a vacuum, crystallises as clear, well-formed, lemon-yellow prisms—probably 
orthorhombic (parallel or symmetrical extinction). The low-temperature modification, CbCl,(«), 
often crystallises as white or colourless transparent needles, which grow out from the faces of 
the yellow prisms. A quantity of the compound sealed in a vacuum could be repeatedly and 
completely changed from one form to the other by heating at 160—180° or around 200°: the 
change from the yellow to the white modification is very slow at lower temperatures. Under 
a microscope, both modifications may frequently be seen together. 


Fic. 4. 











= 1 
16 . 18 rg 20 
10YT. 





The log ~-1/T relation for solid TaCl, shows a perceptible curvature or change of slope 
with a mid-point about 175°, but there is no clear evidence of dimorphism as in the case of 
CbCl,. Values of L, have been calculated for both ranges of temperature. It may be noted 
that the difference between the m. p. and the b. p. of TaCl, is only about 20°, and the vapour 
pressure at the triple point is 450 mm. All specimens of TaCl, were pure white. 

In the case of CbBr;, owing to the low volatility of the solid, the pressure at the triple 
point being only some 50 mm. (as compared with 450, 240, and 170 mm. for TaCl,, CbCl,, and 
TaBr,, respectively), and the lower branch of the log ~-1/T curve being correspondingly short, 
it was not possible to derive a reliable value for the molar heat of sublimation of CbBr,: for 
the same reason it was difficult to observe the triple point. The matter is further complicated 
by the fact that visual examination of solid CbBr, shows that, like the chloride, it is poly- 
morphic. 

It is noteworthy that in both cases the heavier tantalum halide, especially in the liquid 
state, is more volatile at a given temperature than the lighter columbium compound. 

The vapour-pressure curves of Fig. 3 show that a separation of columbium and tantalum 
by the fractional sublimation of their chlorides or bromides is not practicable, but above the 
melting points the differences of vapour pressure suggest that with an efficient heated frac- 
tionating column, a separation might be effected. 


We are indebted to the D.S.I.R. for a maintenance grant to one of us (K. M. A.) during the course 
of this work. 


Tue UNIVERSITY OF MANCHESTER. (Received, July 16th, 1948.) 
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Naphthalene-2 : 3-dialdehyde. By J. W. Coox, Lzon Hunter, and (Miss) R. SCHOENTAL. 


Tue finding that anthracene can be oxidised by osmium tetroxide to 1 : 2: 3 : 4-tetrahydroxy-1:2:3:4- 
tetrahydroanthracene (Cook and Schoental, Nature, 1948, 161, 237) has enabled us to prepare the hitherto 
unknown naphthalene-2 : 3-dialdehyde. A solution of periodic acid (600 mg.) in water (4 c.c.) was added 
to a hot solution of the tetrol (40 mg.) in water (25c.c.). The dialdehyde crystallised (25 mg.), and after 
recrystallisation from light petroleum, formed colourless needles, m. p. 131—132° (Found: C, 77-9; 
H, 4-3. C,,H,O, requires C, 78:2; H, 44%). Its 2: eg a oR formed an orange 
—we powder, m. p. 300° (decomp.) (Found: C, 53-2; H, 2-9. C,,H,,O,N, requires C, 52-9; 
, 30% ). 


We are indebted to the British Empire Cancer Campaign for a maintenance grant (to R.S.).— 
UNIVERSITY OF GLascow. [Received, August 4th, 1948.] 





The Dipole Moments of Trinitromethane Derivatives. By A. AupsLEy and F. R. Goss. 


DiPoLe moments of trinitromethane and four of its derivatives, prepared as described by Reich, Rose, 
and Wilson (J., 1947, 1234), have been obtained from their polarisation (P..) at infinite dilution in benzene, 
and calculations made to estimate the direction taken up by the polar groups. Lewis and Smyth 
(J. Amer. Chem. Soc., 1939, 61, 3067) found a slightly higher value (2-71) for trinitromethane, but their 
measurements were made in carbon tetrachloride solution, and such a difference is to be expected. 


p- Po. [R]p, calc. 
Trinitromethane ........ paneneseadivnsbnepenenssseenseneigieionenteere 2-61 168 23-1 
BS By Bee scnceccevccscccscncscscvcssscosonsobesesescseove 3-33 262 27-7 
p-Nitrobenzyltrinitromethane .............cescecssssescescessevseees 3-45 311 57-4 
2: 4: 6-Trinitro-1-(2’ : 2’ : 2’-trinitroethyl)benzene ............ 3-35 309 68-4 
5-Nitro-1 : 3-bis-2’ : 2’: 2’-trinitroethylbenzene ............... 3-77 387 83-1 


These moments are not absolute values, but are comparable with other values for nitro-compounds 
obtained in benzene solution. The value of the elastic (electron plus atom) polarisation Pg,, has been 
estimated from the calculated molecular refraction as 1-05 [R]p, and any error so introduced will probably 
be small for the large moments now under consideration. Lewis and Smyth (loc. cit.) suggest the 
probability of large values of the atom polarisation for compounds containing aliphatic nitro-groups. 
These large values for the atom polarisation can, however, be presumed to have comparable values, and 
may be expected in these compounds to compensate to some extent for the analogous lack of correction 
for the solvent effects. 

The effect of introducing a methyl group into trinitromethane is to increase the moment by about 
one-third as occurs with other trisubstituted methanes, chloroform, and hydrogen cyanide, owing to the 
induced moment in the Me-C bond. 


, oe CHX,. CMeX;. Ratio CMeX,/CHX,. 
Rie tale Rare RTT 2-61 3-33 1-28 
yg obits RL alee, 1-18 1-57 1-33 
SEAR 4 MERA OEM AAEM ate 2-65 3-44 1-30 


Coop and Sutton’s measurements (J., 1938, 1269) on p-dinitrobenzene, s.-trinitrobenzene, and 
Oy fay a suggest that the moments of the polar groups involved can be regarded as additive. 
f this is the case for 2: 4: 6-trinitro-(1-2’ : 2’ : 2’-trinitroethyl) benzene, the three nuclear nitro-groups will 
have a resultant moment which may be presumed to be zero, as in s.-trinitrobenzene, and the moment of 
the compound should then be practically the same as that of 2’ : 2’ : 2’-trinitroethylbenzene. Whereas 
the introduction of a benzene ring into the methyl halides results in an increased moment, its introduction 
into methyl cyanide has no appreciable effect on the moment. It may therefore be expected that 
2’: 2’: 2’-trinitroethylbenzene, and hence its 2: 4: 6-trinitro-derivative, would have much the same 
value as 1: 1 : 1-trinitroethane, in agreement with our experimental values. 


_NO, 
X;. CMeX,.  CH,Ph-CX,. NO, NScH,-CX;. 
O, 
EEE snintehisteriesesalecciedesesch 3-44 3-48 —_ 
ete rs 3-33 (3-35) 3-35 


The moment of p-nitrobenzyltrinitromethane should be the resultant of the group moments of 3-94 
for the nitro- and 3-35 for the trinitroethyl group. The calculated value, 4-2, is higher than the 
experimental value in about the same proportion as the calculated value for methylene chloride is higher 
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than the actual value, owing to the small induced moment arising from the trinitroethyl group, in the 
opposite direction to the moment of the nitro-group. 


3-94 Y a. 1-60 
NO rs ; 
2 J \ 35 Cl Cane 60 
C(NO,)s Cl 
p Calc., 4-2; found, 3-45 p Calc., 1-83; found, 1-55 


For meta-substituted benzene derivatives the group moments are usually found to be strictly additive. 
The two group moments due to trinitroethyl in 5-nitro-1 : 3-bis-2’ : 2’ : 2’-trinitroethylbenzene are free 
to rotate about the a-carbon atom, so a calculation has been made of the moments for the extreme 
positions, the experimental value falling between them. 


- cs, 
C(NO,)s me . 
NO, naa a NO, won Va S 
C(NO,)s p35 
iy C(NO,)s 
pu Calc., 26, p Calc., 8-2. 


p» Found, 3-77. 


We are indebted to Dr. W. S. Reich for placing these compounds at our disposal, and our thanks are 
due to the Department of Scientific and Industrial Research for a grant in aid of this research.—TuE 
UNIVERSITY, LEEDS, 2. (Received, June 25th, 1948.] 





The Alkylation of Acetophenone and Phenyl Cyanide by the Friedel-Crafts Reaction. By G. BADDELEY. 


In the course of the investigations on the isomerisation of acetophenone homologues by aluminium 
chloride (J., 1944, 232), it was considered of interest to attempt the alkylation of aeuabhanens and 
phenyl cyanide by the Friedel-Crafts method. This paper describes the preliminary work carried out 
in 1944; the results of a more comprehensive investigation will be submitted later. 

Acetophenone and phenyl cyanide form addition compounds with aluminium chloride and, in 
consequence, are even less amenable to electrophilic substitution in the presence of this reagent. This 
probably explains why the alkylation of these substances by the Friedel-Crafts method has not previously 
been observed. Konowalow and Finogejew (Chem. Zenir., 1903, I, 521) attempted to ethylate 
acetophenone by the addition of ethyl bromide (1 mol.) and aluminium chloride (0-25 mol.). They 
obtained, as must be expected ener sae Green, J. Amer. Chem. Soc., 1937, 59, 809), dypnone 
(CPhMe:CH-COPh) and 1 : 3 : 5-triphenylbenzene which are the products of self-condensation of 2 and 3 
molecules respectively of acetophenone. However, acetophenone and phenyl cyanide are both stable at 
150—180° in the presence of excess of aluminium chloride (/oc. cit.), and alkylation can, in consequence, 
be attempted under drastic conditions. 

3-Methyl- (8%), 3: 5-dimethyl- (5%), and 3:4: 5-trimethyl-acetophenone (6%) were obtained 
together with unchanged acetophenone (66%) and 1 : 3: 5-triphenylbenzene (12%) when a mixture of 
acetophenone, dimethyl ether (0-6 mol.), and aluminium chloride (3-5 mols.) was heated to 140—180°. 
Ethylation occurred much more readily than methylation, and 3-ethylacetophenone (25%) and a mixture 
of 3: 4-diethyl- and 3: 5-diethyl-acetophenone (55%) together with unchanged acetophenone (14%) 
were obtained when diethyl ether (1 mol.) was employed. 3-Ethylacetophenone was obtained in yields 
of 12% and 32% when ethyl bromide (1 mol.) and ethyl alcohol (1 mol.) respectively were employed. 

3-Ethylphenyl cyanide (22%) and unchanged phenyl cyanide (70%) were obtained from a mixture of 
phenyl cyanide, diethyl ether (0-5 mol.), and aluminium chloride (2 mols.) which had been heated to 185°. 

The isomerisation of acetophenone homologues occurs without any disproportionation into higher and 
lower homologues, and, in consequence, these results offer further proof that the isomerisation process 
is probably intramolecular and does not involve dealkylation and cubentinah realkylation. 

The ketones obtained in the following experiments were identified by the m. p.s of their semicarbazones 
and mixed m. p.s with authentic specimens (/oc. cit.). 

Methylation of Cpe pore re ether (14 g., 0-6 mol.) was bubbled into a mixture of 
acetophenone (60 g.) and aluminium chloride (250 g., 3-5 mols.). Hydrogen chloride was slowly evolved 
at 140°, and the temperature was gradually raised to 180°. Gas evolution was complete after 30 minutes 
at 180°, and the mixture was decomposed with ice. The residue from the dried (K,CO,) ether extract 
was fractionally distilled repeatedly at 20 mm. Acetophenone, b. p. 85—88° (40-0 g.), 3-methyl-, b. p. 
101—104° (5-4 g.), 3: 5-dimethyl-, b. p. 117—-120° (3-7 g.), and 3: 4: 5-trimethyl-acetophenone, b. p. 
137—140° (5-0 g.), together with 1 : 3 : 5-triphenylbenzene (6 g., m. p. and mixed m. p. 165°) were 
obtained. 

Ethylation of Acetophenone.—({a) Acetophenone (60 g.), diethyl ether (37 g., 1 mol.), and aluminium 
chloride (300 g., 4-3 mols.) were heated at 175° foran hour. Evolution of hydrogen chloride then ceased, 
and the subsequent procedure was similar to that in the previous experiment. Acetophenone, b. p. 
85—87° (8-5 g.), 3-ethyl-, b. p. 115—117° (18-8 g.), and a mixture of 3: 4-diethyl- and 3 : 5-diethyl- 
acetophenone, b. p. 142—144° (48-8 g.), were obtained. ts , 

(b) A mixture of acetophenone (30 g.), ethyl alcohol (11-5 g., 1 mol.), and aluminium chloride (140 g., 
4 mols.) was heated at 100° for 12 hours and then at 175° for an hour. Acetophenone (11 g.), 3-ethyl- 
acetophenone (12 g.), and higher-boiling products (8 g.) were obtained. 
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(c) A mixture of acetophenone (24 g.), aluminium chloride (80 g., 3 mols.), and ethyl bromide (22 g., 
1 mol.) was gradually heated to 100°. Gas evolution was complete after 3 hours. Acetophenone (21 g.) 
and its 3-ethyl derivative (3 g.) were obtained. The products were the same when the mixture was 
heated at 175° for an hour. 

Ethylation of Phenyl Cyanide.—A mixture of phenyl cyanide (51-5 g.), diethyl ether (18-5 g., 0-5 mol.), 
and aluminium chloride (140 g., 2 mols.) was gradually heated to 185°. The reaction was complete in an 
hour, and the su uent procedure was the same as in previous experiments. Phenyl cyanide, b. p. 80° 
(36 g.), the 3-ethyl derivative, b. p. 111—113° (14-5 g.) (Mayer and English, Annalen, 1918, 417, 86, give 
b. p. 116—117°/25 mm.), and higher-boiling products (8 g.) were obtained. The 3-ethylphenyl cyanide 
was identified by (a) conversion into 3-ethylacetophenone by the action of methylmagnesium iodide, and 
(b) hydrolysis by sulphuric acid to the acid amide, m. p. 92° (Found: N, 9-45. C,H,,ON requires 
N, 9-40%), which was in turn hydrolysed by alkali to 3-ethylbenzoic acid, m. p. 47° (Voswinkel, Ber., 
1888, 21, 2830).—CoLLEGE or TECHNOLOGY, MANCHESTER. [Received, July 6th, 1948.] 





The Preparation and Some Reactions of 2-Nitroanisaldehyde. By W. R. Boon. 


DurING the course of some experiments involving the use of 6-methoxyindole, an attempt was made 
to reduce the potassium derivative of ethyl 2-nitro-4-methoxyphenylpyruvate directly to ethyl 
6-methoxyindole-2-carboxylate by means of zinc and acetic acid, a procedure which had been employed 
successfully in the preparation of ethyl 5-methylindole-2-carboxylate (see preceding Note). Although 
in one early experiment a small yield of the desired indole was obtained, later attempts proved un- 
successful. Subsequently it appeared that this might have been due to the greater instability of the 
potassium derivative in this case, since only freshly prepared potassium derivative could be converted 
into the pyruvic acid. Meanwhile an attempt had been made to apply the elegant method of Gluud 
(J., 1913, 1251) and Blaikie and Perkin (J., 1924, 296) to the synthesis of 6-methoxyindole. For this 
purpose 2-nitroanisaldehyde was required, and it was found, rather surprisingly, that this compound 
could be obtained in good yield by the oxidation of 2-nitro-4-methoxytoluene with chromy]l chloride. 
In addition to characterisation by the usual aldehyde reagents the compound was converted into 
6 : 6’-dimethoxyindigo by the method of Baeyer and Drewson (Ber., 1882, 15, 2856). Reduction of 
the oxime with ammonium sulphide and condensation of the resulting amino-compound with chloro- 
acetamide to give 2-formyl-5-methoxyphenylglycineamide oxime proceeded readily. Hydrolysis of 
this substance to 2-formyl-5-methoxyphenylglycine gave an ill-defined product which could not be 
satisfactorily purified for analysis. Hydrolysis with sodium hydroxide gave a poor yield of 2-formyl- 
5-methoxyphenylglycine oxime. Heating the crude 2-formyl-6-methoxyphenylglycine with acetic 
anhydride gave a brown amorphous product from which only traces of 6-methoxyindole could be 
obtained by hydrolysis with alcoholic potassium hydroxide. 

Experimental.—Ethyl 6-methoxyindole-2-carboxylate. This was obtained in one experiment by reduc- 
ing freshly prepared potassium derivative of ethyl 2-nitro-4-methoxyphenylpyruvate as in the previous 
Note. For analysis the product was crystallised from 5% aqueous ethanol (Found: N, 6-4. C,,H,,0,N 
requires N, 6-38%). The identity of the compound was confirmed by hydrolysis to 6-methoxyindole-2- 
carboxylic acid and decarboxylation of the ammonium salt of the latter to 6-methoxyindole identical 
with an authentic specimen. 

2-Nitroanisaldehyde. 2-Nitro-4-methoxytoluene (14-3 g.) dissolved in carbon disulphide (30 c.c.) 
was added to a solution of chromyl chloride (25 g.) in carbon disulphide (86 c.c.) with chaking. After 
96 hours the deep red precipitate was filtered off, washed with carbon disulphide, and suspended in 
water (250 c.c.). After 1 hour the product was separated and crystallised from 70% ethanol (yield 
7-2 g.; 50%) (Found: C, 53-6; H, 3-9. C,H,O,N a C, 53-5; H, 39%). The phenylhydrazone 
formed ruby red prisms from 50% ethanol, m. p. 148° (Found: C, 61-69; H, 4-88. C,,H,,0,N, requires 
C, 61:98; H, 4-79%). The 2: 4-dinitrophenylhydrazone formed orange needles from ethanol, m. p. 212° 
(decomp.) (Found: C, 46-5; H, 3-05. C,,H,,0,N,; —— C, 46-5; H, 3-05%). The oxime formed 

ale yellow needles from 20% ethanol, m. p. 123° (Found: C, 52-3; H, 4:4. C,H,O,N, requires 
, 52-7; H, 44%). 

6 : 6’-Dimethoxyindigo. This was obtained in 90% _— by the method of Baeyer and Drewson 
(loc. cit.) (Found: C, 67-1; H, 4-5. Calc. for C;,H,,O,N,: C, 67-2; H, 4:7%). 

2-Aminoanisaldoxime. Concentrated aqueous ammonia (d 0-88, 20 c.c.) was saturated with hydrogen 
sulphide and mixed with an equal volume of ammonia solution, and the whole added to a solution of 
2-nitroanisaldoxime (2-5 g.) in ethanol (50 c.c.). After 1 hour’s heating on the water bath, 2 vols. of 
water were added and the whole boiled until no more hydrogen sulphide was evolved. The product, 
contaminated with sulphur, separated on cooling, and was crystallised from ethanol; m.p. 145° (yield 
1-8 g.; 80%) (Found: C, 57-5; H, 6-1. C,H,,O,N, requires C, 57-8; H, 6-0%). 

2-Formy!-6-methoxyphenylglycineamide oxime. 2-Aminoanisaldoxime (3-2 g.), calcium carbonate 
(1-2 g.), chloroacetamide (1-9 g.), and water (60 c.c.) were heated under reflux for 3 hours. The product 
which separated on cooling was crystallised from ethanol; m. p. 189° (yield 4-0 g.; 89%) (Found: 
C, 53-8; H, 5-8. C, 9H,,0,N; requires C, 53-8; H, 5-8%). 

2-Formyl-5-methoxyphenylglycine oxime. The amide (6 g.) was dissolved in 2n-sodium hydroxide 
(80 c.c.) and heated under reflux until the evolution of ammonia had ceased. After cooling in ice, 
the solution was neutralised to litmus with dilute sulphuric acid. The pale yellow precipitate was 
crystallised from a large volume of water; m. p. 148—149° (decomp.) (Found: C, 53-7; H, 5-4. 
Cy9H,,0,N, requires C, 53-6; H, 5-4%). 


I wish to express my thanks to Dr. W. Robson for his interest and encouragement. This work was 
done during the tenure of a Berridge Studentship at King’s College.—Kino’s CoLLeGz, Stranpb, W.C.2. 
[Received, September 1st, 1948.]} 
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5-Methylindole and 5-Methyltryptophan. By W. R. Boon. 


Tue recent papers by Anderson (Science, 1945, 101, 565) and Fildes and Rydon (Brit. J. Exper. Path., 
1947, 28, 211) in which it is shown that 5-methyltryptophan acts as an antagonist to tryptophan in 
the growth of Esch. coli and B. typhosdm respectively and the further observation by the latter authors 
that 5-methylindole also exhibits this pean J render any method for the preparation of these com- 
pounds of interest. The preparation o: yee cag oem given below was worked out several years 
ago. It includes a new synthesis of 5-methylindole together with some improvements in the pro- 
cedure for the conversion of this compound into 5-methyltryptophan by the method of Robson (J. Biol. 
Chem., 1924, 62, 495) incorporating the improvements in the synthesis of tryptophan introduced b 
Boyd and Robson (Biochem. J., 1935, 29, 2256). 5-Methylindole was made from 4-nitro-m-xylene which 
was condensed with ethyl oxalate in the presence of potassium ethoxide to give the potassium derivative 
of ethyl 2-nitro-5-methylphenylpyruvate which was reduced directly by zinc dust in acetic aid to ethyl 
5-methylindole-2-carboxylate. Of the several preparations of 4-nitro-m-xylene reported in the litera- 
ture only that of Holleman (Rec. Trav. chim., 1908, 27, 267) is given in any detail. Only r and 
erratic yields could be obtained by this method; the method given below, however, was found to work 
smoothly, giving material which was uncontaminated with higher nitrated products. 

Experimental.—4-Nitro-m-xylene. m-Xylene (50 g.) was added slowly with stirring to a mixture of 
glacial acetic acid (250 c.c.) and fuming nitric acid (d 1-5; 250 c.c.) maintained at 0°. After 2 hours 
the mixture was poured on ice and extracted with ether. The extract was washed first with sodium 
hydroxide and then with water, the ether removed, and the residue distilled in steam. The distillate 
was then extracted with ether and the extract dried (CaCl,) and distilled giving unchanged m-xylene 
(3 g.) and 4-nitro-m-xylene (53 g. = 79%), b. p. 125—126°/20 mm. 

Ethyl 5-methylindole-2-carboxylate. Potassium (12 g.) was broken up under hot xylene and sus- 
pended in dry ether (500 c.c.); dry ethanol (22 c.c.) was then added. When all the metal had reacted 
the mixture was cooled in ice, and ethyl oxalate (50 g.) and 4-nitro-m-xylene (50 g.) added. After 3 days 
the dark red precipitate (82 g.) was collected and washed with dry ether. As a check on its identity 
a small sample was shaken with water, the solution acidified, and the precipitated solid crystallised 
from glacial acetic acid; it then had m. p. 193° in agreement with the value for 3-nitro-5-methylphenyl- 
pyruvic acid reported by Reissert and Scherk (Ber., 1899, 31, 391) who prepared it in poor yield using 
sodium ethoxide for the above condensation. For the reduction, nickel nitrate (2 g.) was dissolved 
in a mixture of water (154.c.c.) and glacial acetic acid (320 c.c.) cooled in a freezing mixture. The 
potassium derivative (29 g.) and zinc dust (112 g.) were then added alternately so that the temperature 
did not rise above 10°. One hour after the addition was completed the mixture was hestell on the 
water-bath until it no longer gave a red colour with concentrated nitric acid. An excess of water 
was then added and the solid filtered off. On extraction with alcohol and crystallisation 16 g. (=64% 
on 4-nitro-m-xylene) of ethyl 5-methylindole-2-carboxylate were obtained, m. p. 163° undepressed on 
admixture with an authentic sample prepared from the p-tolylhydrazone of pyruvic acid. 

5-Methylindole. The dry ammonium salt of 5-methylindole-2-carboxylic acid (20 g.), prepared by 
evaporation to dryness of an aqueous solution, was suspended in glycerol (120 c.c.) and heated under 
a wide-bore reflux condenser. The salt dissolved at 100° and decarboxylation occurred smoothly at 
180—200°. After 45 minutes at this temperature the mixture was cooled, water was added, and the 
5-methylindole isolated by distillation in steam; m. p. 58—59° (yield 10-5 g.; 62%). 

5-(5-Methyl-3-indolylidene)hydantoin. 5-Methylindole-3-aldehyde (Boyd and Robson, Biochem. J., 
1935, 29, 557) (6-4 g.) and hydantoin (4 g.) were dissolved in Bo req (20 c.c.) and boiled under reflux 
for one hour. Water was then added and the mixture acidi to litmus with acetic acid and filtered ; 
m. p. 329° (yield 9-5 g.) (Robson, Joc. cit., gives m. p. 295—298°) (Found: N,17-3. Calc. for C,,H,,0,N,: 
N, 17-4%). 

5-Methyliryptophan. 5-(5-Methyl-3-indolylidene)hydantoin (5 g.), ethanol (50 c.c.), and 18% 
ammonium sulphide (300 c.c.) were heated in a pressure bottle at 110° for 300 hours. After evapor- 
ation of the solution to dryness under reduced pressure the residue was repeatedly extracted with 
dilute aqueous ammonia. The combined ammoniacal extracts were concentrated under reduced pres- 
sure and several volumes of ethanol were added. This yielded 1-2 g: of 5-methyltryptophan. A further 
1 g. was obtained by evaporating the mother-liquor to dryness and extracting the residue with boiling 
ethanol to remove an impurity believed to be 5-(5-methyl-3-indolyl)hydantoin. 0-6 G. of unchanged 
5-(5-methyl-3-indolylidene)hydantoin was recovered from the material insoluble in ammonia. The 
total yield of 5-methyltryptophan is 54% based on hydantoin used. The material resembled that 
prepared by Robson (loc. cit.) in all respects except that it was very sweet in taste while Robson’s 
sample was bitter (Found: N, 12-89. Calc. for C,,H,,0,N,: N, 12-84%). 


Iam grateful to Dr. W. Robson for his interest and advice. This work was done during the tenure 
of a Berridge Studentship at King’s College.—K1no’s CoLLeGcz, STRAND, W.C.2. [Received, September 
Ist, 1948.] 





The N-Oxides of Nicotinic Acid and its Esters. By G. R. CLemo and H. KoeEnic. 


Wuite the N-oxides of pyridine (Meisenheimer, Ber., 1926, 59, 1848), picolinic acid (Diels and Alder, 
Annalen, 1933, 505, 103; Diels and Meyer, Annalen, 1934, 518, 129), tsonicotinic acid (Ghigi, Ber., 1942, 
75, 1316), and 2-methylpyridine-6-carboxylic acid (Diels and Pistor, Annalen, 1937, 580, 87) are well 
known, that of nicotinic acid has not been described. Since this was required for synthetic purposes and 
one of us (H. K.) will be unable to continue with the work we wish to record its preparation and properties 
and those of its methyl and ethy] esters. 

Experimental.—({1) Nicotinic acid N-oxide. Nicotinic acid (1 part) in hot glacial acetic acid (3 parts) 
and perhydrol (3 parts) were heated on the water-bath with occasional shaking. After 3 hours gas 
evolution had decreased and the solution was evaporated to dryness and the yellow residue was 
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recrystallised twice from methanol omg ee acid N-oxide (70—80%) as faintly yellowish needles, 
m. R 249° leery ¥ (Found : C, 51-9; H, 4-0; N, 10-6. C,H,O,N requires C, 51-8; H, 3-6; N, 10-1%). 
icotinic acid N-oxide is slightly soluble in cold water, more soluble in hot water, hot glacial acetic acid, 


and hot methanol, less soluble in ethanol, and insoluble in light leum, benzene, and chloroform. It 
liberates iodine slowly from potassium iodide in hot solution. en heated in the impure state above 
100° it decom spontaneously with gas evolution and darkening. 


(2) Methyl nicotinate N-oxide. Nicotinic acid N-oxide (1 g.) was dissolved in absolute methanol 
(20 ml.), saturated with hydrogen chloride at 0°, and refluxed for 2 hours with exclusion of moisture. 
Excess methanol was removed and the resulting oil poured into water, basified with sodium carbonate, 
and extracted with ether. After being dried, the ether was removed and the remaining oil, which 
solidified, crystallised from light petroleum (b. p. 60—80°) in colourless /eaflets (0-5 g., m. p. 97°) (Found: 
C, 55-2; H, 4-8; N, 8-8. C,H,O,N — C, 54-9; H, 4:7; N, 9-1%). 

(3) Ethyl nicotinate N-oxide (a) Nicotinic acid N-oxide (2 g.) in absolute ethanol (40 ml.) was 
treated as above and gave colourless needles (1-2 g., m. p. 99-5°) of the ester (Found: C, 58-1; H, 5-8; 
N, 8-4. C,H,O,N requires C, 57-5; H, 5-4; N, 8-4%). 

(b) Ethyl nicotinate (2 g.) in glacial acetic acid (10 ml.) was heated with perhydrol (30 ml.) for 3 hours 
on the water-bath. The reaction mixture was evaporated and the oily residue recrystallised from light 
petroleum (b. p. 60—80°), yielding colourless needles (1-1 g.), m. p. 99-5°, not depressed by material 
prepared by method (a).—UNIvERSITY OF DuRHAM, KING’s COLLEGE, NEWCASTLE-UPON-TYNE, l. 
[Received, June 17th, 1948.) 





Stereochemistry of the C,,H,,O, Tricarboxylic Acid from Abietic Acid. By D. H. R. Barton and 
G. A. SCHMEIDLER. 


THE two principal chemical methods for determining the configuration of cyclohexane-1 : 2-dicarboxylic 
acids are (a) conversion of tvans-anhydrides into the cis-isomers by the action of heat alone, and (b) 
rearrangement of cis-acids to the trans-forms by heating with concentrated hydrochloric acid. A 
negative result in the application of either of these methods is, of course, also of diagnostic value. A 
recent utilisation of the hydrochloric acid method is that of Plattner, Fiirst, and Hellerbach (Helv. Chim. 
Acta, 1947, 30, 2158); this investigation shows further that tertiary carboxyl groups are not affected by 
such conditions. 

We have previously (J., 1948, 1197) given a proof that the 1 : 2-carboxyl groups in the C,,H,,0, 
tricarboxylic acid (I), obtained by oxidation of abietic acid, are in the trans relationship to each other 
(it was, of course, already recognised that the 1 : 3-carboxyl groups in this compound are related cis to one 


-coO— 
CO,H | 


(II.) (III.) 


another). It was of interest to examine the effect of hot concentrated hydrochloric acid on this 
tricarboxylic acid for, according to our previous evidence, it should remain unchanged under these 
conditions. 

The action of concentrated hydrochloric acid at 190—200° for 8 hours on the C,,H,,0, tricarboxylic 
acid furnished a saturated acidic substance C,,H,,0,;, m. p. 177—178°, which was characterised by the 
beautifully crystalline methyl ester, which it gave with diazomethane. This acid, which is formed by the 
loss of one molecule of water, must be the 1 : 3-anhydride (II) of the tricarboxylic acid, previously 
described by Ruzicka, Goldberg, Huyser, and Seidel (Helv. Chim. Acta, 1931, 14, 545) as of m. p. 170—172° 
and by Lombard (Thesis, Paris, 1943, p. 43) as of m. p. 175°. Ruzicka and his collaborators obtained it 
by the action of acetyl chloride, Lombard by the action of heat alone, on the tricarboxylic acid. It 
showed a marked depression in melting point on admixture with a synthetic specimen of Vocke’s acid 
(Vocke, Annalen, 1932, 497, 247) (III), m. p. 180° (Rydon, J., 1937, 257), kindly supplied by Dr. 
H.N. Rydon. The methyl ester was hydrolysed back to the original tricarboxylic acid (I) on prolonged 
treatment with strong alcoholic potassium hydroxide. These experiments show that the secondary 
carboxyl group of the C,,H,,0, acid is not isomerised by concentrated hydrochloric acid, in agreement 
with expectation. 

Experimental.—The C,,H,,O, tricarboxylic acid was prepared as described previously (Barton and 
Schmeidler, Joc. cit.). 1-G. portions of the acid were suspended in 30-ml. quantities of concentrated 
hydrochloric acid and heated in a Carius tube for 8 hours at 190—200°. The product isolated by 
evaporation of the hydrochloric acid on the steam-bath, was a solid, which, on recrystallisation from 
alcohol—benzene gave the 1 : 3-anhydride, m. p. 177—178° (Found : C, 58-0, 58-9; H, 6-3, 6-3. Calc. for 
C,,H,,0,: C, 58-4; H, 63%). The same result was obtained on heating at 180°, but at 150° there 
resulted a mixture of the 1 : 3-anhydride and unchanged tricarboxylic acid. No carbon dioxide was 
produced during these experiments. 

Treatment of the 1: 3-anhydride with an excess of diazomethane in ether furnished the methyl 
ester; recrystallised from benzene-light petroleum (b. p. 40—60°) it had m. p. 170° (Found: C, 60-2, 
59-7; H, 6-6, 6-7. C,,H,,O; requires C, 60-1; H, 6-7%). By refluxing with strong methanolic 
potassium hydroxide for 16 hours this methyl ester was hydrolysed back to the C,,H,,0, tricarboxylic 
acid, m. p. 218° (decomp.) undepressed on admixture with the starting material. 





This work was carried out during the tenure of an I:C.I. Fellowship by one of us (D. H. R. B.).— 
IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, Lonpon, S.W. 7. [Received, July 9th, 1948.] 
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The Reaction of Toluenesulphonic Esters of Carbohydrates with Sodium Iodide. By G. R. BARKER and 
R. W. Goopricu. 


Tue applicability of the rule regarding the reaction of toluene-p-sulphonyl (tosyl) derivatives of 
carbohydrates with sodium iodide in acetone solution, first suggested by Oldham and Rutherford (J. 
Amer. Chem. Soc., 1932, 54, 366), has been discussed by Hudson and his co-workers (ibid., 1944, 66, 1901) 
and by Tipson and Cretcher (J. Org. Chem., 1943, 8, 95). The latter workers found that tetratosyl 
erythritol reacted completely with sodium iodide with the formation of iodine and butadiene. The 
production of unsaturated linkages in this type of reaction had previously been noted by Bell, Friedmann, 
and Williamson (j., 1937, 252) during the interaction of sodium iodide and 6-tosyl 1 : 2-isopropylidene 
p-glucose, in which there is an uncombined hydroxyl group adjacent to the tosyl radical. If, however, 
this hydroxyl group were substituted, as in 6-tosyl 3 : 5-benzylidene 1 : 2-isopropylidene p-glucose, the 
normal replacement of the tosyloxy-group by iodine resulted. We have now found that 6-tosyl 
1 : 2-isopropylidene p-glucose reacts in the normal way with sodium iodide dissolved in acetic anhydride, 
the free hydroxyl groups being acetylated at the same time. The use of this solvent for the reaction has, 
as far as we are aware, been reported only by Hudson et al. (J. Amer. Chem. Soc., 1942, 64, 137; 1944, 
66, 1898), but, in these instances, no free hydroxyl groups were present in the molecule. We consider 
that the avoidance of the formation of unsaturated compounds by the use of acetic anhydride and the 
teplacement, in the case now described, of the tosyloxy-group by iodine in one operation, extends the 
scope of this type of reaction. 

6-Iodo 3: 5-Diacetyl 1: 2-isoPropylidene pv-Glucose.—A . a of, 6:tosyl 1: 2-isopropylidene 
p-glucose (Ohle and Dickhaiiser, Ber., 1925, 58, 2593) (1 g.);and"acéfit“anliydride (10 c.c.) was boiled 
under reflux for 2-5 hours, cooled to room temperature, and’ poured into ice-water. After the acetic 
anhydride had decomposed, the dark oil crystallised after scratching, and was collected. The material 
was obtained, after being crystallised thrice from ethyl alcohol by the gradual addition of water, as fine 
needles (0-4 g.), m. p. 75° (Found: C, 37-7; H, 46. Calc. for C,,H,,0,1: C, 37-65; H, 46%). 
Helferich and Lang (J. pr. Chem., 1932, 182, 321) record m. p. 75—76°.—TuEe UNIVERsITY, 
MANCHESTER, 13, and UNIVERSITY COLLEGE, NOTTINGHAM. ([Received, June 16th, 1948.] 





The Influence of Water on the Coupling Power of Diazotised Amines and on Diazo-group Elimination in 
Aqueous Ethanol-Sulphuric Acid Media. By HERBERT H. Hopcson and Joun RatcLirFFe. 


THE diazo-compounds of the 2: 6-dihalogeno-4-nitroanilines in aqueous sulphuric acid of various 
concentrations have been coupled with B-naphthol dissolved in ethanol, and also decomposed by copper 
powder and by cuprous oxide, a to be a efficient, in the same set of aqueous ethanolic 
media. The amount of coupled product decreased by ca. 10%, whereas the efficiency of diazo-group 
replacement increased by ca. 40% as the water content progressively increased. This result is in accord 
with Schoutissen’s conclusions (J. Amer. Chem, Soc., 1933, 55, 4541) that strongly electrophilic groups 


promote covalent diazo-compound formation, ¢.g., HO,S i<- YS N=N—O—SO,H, in strong acid 


solution, and further support is afforded by the fact that diazotised picramide could be coupled but not 
deaminated under the same conditions by either copper or cuprous oxide, and so must be predominantly 


2 
in the covalent form, nog _S— N=N—O—SO,H. 


2: 4-Dinitro-l-naphthylamine and 1 : 6-dinitro-2-naphthylamine have been found to deaminate 
efficiently under conditions hitherto regarded as promoting diazo-oxide formation (cf. Hodgson and 
Birtwell, Fi ., 1943, 433). The yields of dihalogenonitrobenzenes obtained during the decompositions of 
the 2 : 6-dihalogeno-4-nitroanilines are higher than those hitherto recorded in the literature. 

Diazotisation, Deamination, and Coupling Procedure.—(a) The 2 : 6-dihalogeno-4-nitroanilines. Five 
separate solutions of the amine (0-010 g.-mol.) in sulphuric acid (40 c.c., d 1-84) were diluted with water as 
follows : (i) none, (ii) 5 c.c., (iii) 10 c.c., (iv) 15 c.c., and (v) 20 c.c., and then treated gradually below 5° 
with a solution of sodium nitrite (0-75—1-0 g.) in sulphuric acid (10 c.c., d 1-84) so as to occasion the 
minimum rise of temperature. The 5 mixtures were kept at 0° in stoppered bottles for at least 2 hours to 
ensure complete diazotisation (as tested by complete dissolution of a small sample in water, since the 
amines are completely insoluble), and then were stirred gradually at room temperature into ethanol 
(50 c.c.) containing copper powder (98% purity) in suspension, the amount of copper being varied in 
duplicate experiments to ascertain its effect (catalytic) on yield. Nitrogen and acetaldehyde were 
evolved, the hatter ceasing at about the half-way stage while the nitrogen continued to come off to the end 
of the reaction. The presence of urea had no appreciable effect on the final result; rise of temperature 
occurred in all cases. After being kept overnight, the mixtures were steam distilled until the more 
volatile matter had come over; the volumes of distillate collected were ca. 250 c.c. for the chloro-, 
750—800 c.c. for the bromo-, and 2500—3000 c.c. for the iodo-compound, these volumes indicating 
approximately the relative steam volatilities. The steam distillates were filtered through sintered 
crucibles, and the solid matter dried in a vacuum over — oxide to constant weight; they were 
then recrystallised from ethanol and identified, the mother liquors from the ethanol being reduced to a 
third of their original volume and their deposits filtered off and determined as above. 

For coupling purposes, the diazo-solutions were added slowly to ethanol (50 c.c.) containing the 
necessary amount of f-naphthol, temperature rise being avoided by external cooling to prevent the 
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formation of naphthyl ethyl ether which had been detected when the temperature was uncontrolled. The 
precipitated azo-compounds were collected in sintered glass crucibles, washed free from acid with 50% 
aqueous ethanol and then with ethanol, and dried in a vacuum over phosphoric oxide to constant weight. 

(b) 2: 4-Dinitro-l-naphthylamine and 1 : 6-dinitro-2-naphthylamine or their p-toluenesulphonates. 
The compound (0-1 g.-mol.) was dissolved in sulphuric acid (200 c.c., d 1-84) and water (60 c.c.) 
at 20—30°, cooled, and treated with sodium nitrite (8 g.) in sulphuric acid (50 c.c., d 1-84) at 10°. 
During the period of stirring (30 minutes) with external cooling, powdered ice was added from time to 
time until a test sample gave a clear solution when diluted with water which persisted for a short 
time, after which the mixture was stirred into ethanol (250 c.c.) containing copper (10 g.) or cuprous 
oxide (20 g.), the temperature being kept below 40°. Evolution of nitrogen and aldehyde ceased in 
30 minutes, and, after being kept overnight, the mixture was filtered, the precipitate washed free from 
acid, dried as above, and extracted with ethylene dichloride, the solvent freed from the extract, and the 
residue crystallised from aqueous pyridine. In this way almost pure 1 : 3-dinitronaphthalene was 
obtained in yields of 14-5—16-5 g. (66-5—75-5%), and almost pure 1 : 6-dinitronaphthalene in yields of 
11—12 g. (50—55%). 

(c) Picramide. Picramide was treated in like manner, at acid concentrations (ii) and (iv) above, for 
48 hours with occasional stirring. When the mixtures were poured into an ethanol solution of B-naphthol, 
yields of. 70—80% of 2:4: Ae ape pee a Ape rer were obtained; this compound separated 
from o-dichlorobenzene in crystals which varied in colour in different preparations from orange-red to 
scarlet, m. p. 290° (decomp.) (Blangey, Helv. Chim. Acta, 1925, 8, 780, gives m. p. 290—292°). 

2 : 4-Di-todo-4-nitrobenzeneazo-B-naphthol separated from o-dichlorobenzene in greenish metallic needles 
(red by transmitted light), m. p. 226—227° (Found: N, 8-0. C,,H,O,N;I, requires N, 7-7%), which 
give an intense magenta colour with concentrated sulphuric acid, and a violet colour with ethanol 
containing a drop of sodium hydroxide; it is insoluble in cold ethanol. 


Comparative yields of coupling and deamination products at five acid concentrations. 


Azo-B- Pure de- Azo-B- Pure de- 
4-Nitro- Acid naphthol, amination 4-Nitro- Acid naphthol, amination 
aniline. concn. %. product, %. aniline. concn. %. product, % 

2 : 6-Dichloro- i 94 32 2 : 6-Dibromo- i 92-0 42-8 
ii 91 44 ii. 91-7 51 
iii 87 57-1 iii 91-7 65 
iv 86 79-5 iv 87-0 83-5 
v 84-5 78-5 v 84-5 84 
Azo-B- Pure deamin- 
4-Nitroaniline. Acid concn. naphthol, %. ation product, %. 
2: 6-Di-i0do- ...........0eeeeee i 88-6 15-7 
ii 95-2 17-3 
iii 94-7 49-3 
iv 78-5 80-5 
v 76-2 80-7 


Comparative deamination in methanol, ethanol, and isopropyl alcohol. 
Yield (%) of deamination product in : 


4-Nitroaniline. Acid concn. methanol. ethanol. tsopropyl alcohol. 
DEO icccnsvenncsiccronces iv 68-5 79-5 63—65 
DE ssasscoceioncsesssocs iv 78-3 84-0 82-0 
CII, sb cancicscctnsersssrnie iv 69-3 78-5 43-3 


All m. p.s are uncorrected. 

The authors thank Mr. N. L. Thomas, B.Sc., for assistance in the preparation and identification of the 
azo-B-naphthol compounds.—HuUDDERSFIELD TECHNICAL COLLEGE, and SoutH East Essex TECHNICAL 
CoLLece, DAGENHAM. [Received, July 20th, 1948.] 
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$49. Oxidation States of the Rare-earth and Actinide Elements. 
By Rosert E. Connick. 


The existence of a wide variety of oxidation states and the ease of oxidation to higher states 
of the actinide elements compared with the rare-earth elements is discussed in terms of 
ionisation potentials and free energies of hydration. 

The “ stability ’’ of the +3 oxidation state of the rare earths is not to be regarded as 
characteristic of f electrons in general. 

Trends in the oxidation potentials of the 2—3 and 3—4 couples of the rare earths are 
interpreted in terms of the binding energy of the f electrons. Similar correlations are made for 
the actinide elements ; hydrolysis enters as an additional complication in the case of the 4—5 
and 4—6 couples. 

The electron configuration of thorium in the +2 oxidation state is probably 6d*. On the 
ee of the present evidence it is not possible to decide between an f and a d configuration for 

e +3 state. 

The oxidation potentials and electron configurations of protoactinium are briefly 

considered. 


THERE is a marked similarity in the chemical properties of corresponding oxidation states of 
the rare earth and actinide* elements (with the exception of protoactinium). This arises 
from the stabilization of the 5f orbitals in the neighbourhood of thorium,{ resulting in the 
occurrence of a group of elements analogous to the rare earths. The two series of elements do 
differ, however, in the much greater variety of oxidation states exhibited by the actinides (see 
Table I) and the greater ease of oxidation to higher states of the latter. 

Factors determining Oxidation Potentials —The existence of an oxidation state of an element 
is contingent upon its reacting only slowly, if at all, with its surroundings. In acidic aqueous 
solution, to which the following discussion will be largely confined, the reactivity of water 
imposes the following limitations for the type of ions under consideration. An oxidation state 
will exist only if all its oxidation potentials to higher states are more positive than ca. — 2-0 volts 
and all its reduction potentials to lower states are more negative than ca. +1-5 volts. In the 
case of solid compounds these limits are often wider but depend rather specifically on the 
particular compounds. The +4 oxide sometimes exists where the +4 ion does not in aqueous 
solution; lower oxidation states frequently exist in solids although “ unstable ” in solution. 

For simple ions in aqueous solution the oxidation-reduction potential connecting two 
oxidation states may be broken up into steps involving hydration energies and ionisation 
potentials. Thus for the reaction 


Mss + Hi, = Mz?’ + 4H, 98> ot 4h a theres oe 
the following steps may be written : 


aims « + .« -» 3 om Ht, = H} 
Be on E> os no) 0 eo~-+Hi=H, . 
ete ee H, = 3H, . 
The free energy of reaction (1) is 

AF, = —AF, + AF, + AF, + AF, + AF, + AF, 


* The term “ actinide elements ” is used here to designate the elements from actinium to curium, 
inclusive. The rare earths (or lanthanides) are assumed to start with lanthanum and end with lutecium. 

t It has recently been shown that gaseous Th** has a 5f nd configuration, rather than 6d 
(Klinkenberg and Lang, private communication; to be published in Physica). 


Q 
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which may be written as 
AF, = —AF, + 1 + AF, + AF, — Ig + AF, 


where J and J, are the ionization potentials of the gaseous ion M** and the hydrogen atom, 
respectively. . 
For standard conditions 


AF,° = —AF,° + AFP +1+A4 


where A is a constant. If all quantities are expressed in electron volts, —AF,° gives 
the standard oxidation—-reduction potential of the couple, E°, i.e., 


—E° = AF? —AF,°+1I+4+A eo POPP oe, ae 


It is of interest to see the order of magnitude of each term in equation (8). Fig. 1 is a rough 
plot of these values for the successive oxidation—reduction couples of neodymium (plotted as 
abcissa). Complete curves have been drawn rather than individual points, since these quantities 
‘ in general show continuous trends with increasing oxidation number. 


Fie. 1. 
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Semi-quantitative plot for neodymium of quantities which determine oxidation potentials of couples. 





The orders of magnitude of the ionization potentials and hydration energies are known for a few 
of the rare earths so that the qualitative shape and position of the J and the AF,° — AF,° curves 
are known, but the individual values of these quantities have not been determined with anything 
approximating to the accuracy necessary to give even rough values for the oxidation potentials 
of the couples. This is true of all rare-earth and actinide elements. Therefore the shape and 
position of the E° curve in Fig. 1 was actually fixed by a knowledge of the chemistry of 
neodymium and the neighbouring elements. The 2—3 potential must be considerably more 
positive than + 1-5 volts and the 3—4 potential considerably more negative than —2-0 volts. 
This places lower limits on the negative of the slope of E° as it crosses the abcissa axis and, as 
judged from the cerium 3—4 and the samarium 2—3 potentials, the crossing point is roughly 
mid-way between the 2—3 and 3—4 couples. The 1—2 couple is fairly well fixed by estimated 
ionization-potential and hydration-energy values because these quantities are relatively small 
in this case. The remainder of the E° curve is primarily an extrapolation from the above but 
one which is considered reasonable and is consistent with known chemical facts. 

If the ionisation potentials and free energies of hydration were known accurately or could be 
predicted theoretically, it would be possible to calculate all the oxidation-reduction properties 
of these elements. Unfortunately such is not the case, and it appears that most of this 
information will be very difficult to obtain. Therefore Fig. 1 and much of what follows is in 
the nature of an interpretation of oxidation—reduction behaviour in terms of hydration energies 
and ionization potentials rather than a prediction from these quantities. 

The Stability of the +-3 Oxidation State of the Rare Earths.—In Fig. 1 the E° curve was drawn 
to correspond to the fact that only the +3 oxidation state of neodymium is stable with respect 
to reaction with water. For the 1—2 and 2—3 couples the hydration energy and A terms more 
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than compensate the ionization energy term and oxidation to the +3 state occurs readily. The 
ionization potential, which is a steeper function of the degree of oxidation than the hydration- 
energy term, becomes dominant by the time the 3—4 couple is reached and the oxidation 
potential becomes strongly negative. As is discussed below, the corresponding curves for the 
other rare earths are not greatly shifted from the neodymium curve; thus, in every case the 
+3 oxidation state exists in aqueous solution and its oxidation or reduction is either very 
difficult or impossible. 

The ionization potentials and hydration energies for 4f electrons will be different than for 
5f electrons. Therefore it is not to be expected that the resulting E° values of the two series 
will correspond or that the same oxidation states will necessarily exist. It is clear that the 
great ‘‘ stability” of the +3 state of the rare earths is peculiar only to 4f electrons and results 
from the fact that the ionization potentials and free energies of hydration happen to combine to 
give very positive values for the oxidation potential of the 2—3 couple and very negative 
values for the 3—4 couple. 

At one time it was believed that the electronic configuration of the rare-earth atoms was 
f*d's* and that the “ stability ” of the +3 state was to be correlated with the removal of the 
two s and one d electron. It is now known that of the elements studied the majority do not 


TABLE I. 
Oxidation states of rare-earth and actinide elements. 


Oxidation 
Oxidation number. 


3 
(2}* [3}* 


Parentheses indicate that 7 the oxide has been prepared. Sub-normal oxides of semi-metallic 
character have been omitted 


# es 2 zal Ty a known (Anderson and D’Eye this vol., p. S 244; Hayek and Rehner, Experientia, 
> Zachariasen, quoted by Thompson, in U.S.A.E.C. Declassified Document AECD-1897, Feb. 1948. 

¢ Hindman, Magnusson, and La — lie, J. Amer. Chem. Soc., 1949, 71, 687. 

é Thompson, James, and Morgan AECD-1907, Jan. 21, 1948. 

*¢ Cunningham, AECD-1879, . 1947. 

# Sherman Fried, AECD-1930, March 1948. 

9 Zachariasen, Physical Rev., 1948, 78, 1104. 

& Werner and Perlman, AECD-1898, March 1948. 


TaBLe II. 


Electron configurations in rare-earth atoms and ions.* 


PITT EISEt bide: 


PIPE Et bts 


4f*6s 
* Except for Tb, the data are from a table by Meggers (Science, 1947, 105, 514). 
t+ Klinkenberg (Physica, 1947, 18, 1). 
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have this structure, as is shown in Table II. Probably most of the atoms whose structures 
have not been determined actually are of the 4f"6s* type. 

Obviously the “ stability ”’ of the +3 state is not apparent from the configurations of 
Table II. Sometimes the third electron is a d and sometimes an f type. The effective nuclear 
charge acting on the d electron remains roughly constant but increases for the f electrons in 
proceeding through each half-filling of the shell. Therefore the third electron is of the d type 
at the beginning but changes to the f type because of the increasing binding energy of the latter. 
In either case, whether the third electron is of the d or f type, the hydration-energy term 
outweighs the ionisation potential so that oxidation to the +3 state occurs readily in aqueous 
solution. With the fourth electron this is no longer true and further oxidation is very difficult. 

+2 and +4 Oxidation States of Rare Earths.—The E° curves of the other rare earths will be 
shifted relatively to the neodymium curve of Fig. 1. They may be expected to have the same 
general shape (except for a discontinuity at half-filling of the 4f shell) because the binding energy 
of the f electrons probably increases rather uniformly in going from element to element (except 
at half-filling of the shell) and because the hydration energies also should change uniformly as a 
result of the predominantly electrostatic nature of this effect and the continuous variation in 
radius. Experimentally the E° curves shift to more positive values as the atomic number 
increases (with a break when the f shell is half-filled). This trend can be explained in the 
following way.* Neighbouring elements in the same oxidation state differ only in the second 
having one more f electron and one unit greater nuclear charge than the first. All f electrons 
are bound more strongly in the second element because the nuclear screening of one f electron 
by another is relatively ineffective. In addition the radius is somewhat smaller, again leading 
to a higher ionisation potential. The hydration energies are also made larger by the decrease 
in radius but, as might be expected, this increase is small compared to that of the ionization 
potentials. The result is a shift of E° towards more negative values. 


Fic. 2. 
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The trends in E° for the 2—3 and 3—4 couples are shown in Fig. 2. An electron cannot 
be removed from La** in aqueous solution since it contains no f electrons and the inert-gas 
structure is very stable. With Cet* the first 4f electron is held rather loosely and the oxidation 
potential is — 1-72 volts. With Pr** the two 4f electrons are now held more strongly, because of 
the higher nuclear charge, and a +4 state is not obtainable in water. In Fig. 2 the arrow on 
the praseodymium point indicates the potential is more negative than —2-0 volts. A higher 
oxide can be prepared, so the oxidation potential cannot be far outside the water stability 
range. There is no definite evidence (Klemm, Joc. cit.; Pagel and Brinton, J. Amer. Chem. Soc., 
1929, 51, 42; Marsh, J., 1946, 15) of a +4 or higher oxidation state of neodymium or of the 
other elements through gadolinium, as would be expected from the increased strength of binding 
of the f electrons. 

The dotted lines through the cerium and the terbium point show the slope of the 3—4 
potential versus atomic number for the actinide elements; it is not necessarily the same for 
the rare earths. 

At Tb** the 4f shell is half-filled with one electron left over. This electron is forced to pair 
up with one of the other f electrons, a configuration which is well known to be less stable than 
when all electrons are unpaired. Consequently a fourth electron is more readily removed than 


* For a somewhat different treatment based on “ stable’ configurations of La**, Gd**, and Lu*?, 
see Klemm, Z. anorg. Chem., 1929, 184, 345; 1930, 187, 29; 1932, 209, 321. 
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with the previous elements and terbium forms a higher oxide, although the +4 state does not 
exist in aqueous solution. Following terbium the trend in ionization potentials precludes the 
existence of the +4 state through lutecium. 

The increase in binding energy of the f electrons in proceeding through the series should 
also be reflected in a decrease in the 2—3 potential. From the data of Fig. 2 this is seen to be 
the case. Just when the 2—3 potential is getting well inside the water-stability range 
at europium it undergoes a large shift to more positive values because of the decrease in binding 
energy of the f electrons following half-filling of the shell. It is again just coming into the 
water stability range at ytterbium when the shell becomes completely filled. 

From Fig. 1 it would be predicted that the 4—5 potential would always be too negative to 
permit the existence of the +5 oxidation state of the rare earths in aqueous solution, and 
similarly the 1—2 potential is too positive. 

2—3 and 3—4 Couples of the Actinide Elements.—Experimentally the actinide elements 
have their E° values shifted in a positive direction relatively to the rare earths. The fact that 
they are shifted is not surprising since, as previously discussed, the combinations of ionization 
potentials and hydration energies giving rise to the predominantly stable +3 state in the rare 
earths are peculiar only to the 4f electrons and are not expected to be the same necessarily for 
the 5f series. That the shift is towards more positive values is probably not predictable 
theoretically at the present time. It has been stated by some that such a shift should occur 
because the ionization potentials will be smaller for 5f than for 4f electrons; but it is clear from 
Fig. 1 that the free energy of hydration term, which is the difference of two hydration energies, 
works in the opposite direction and the actual E° value is the relatively small difference of 
these two large terms, along with the constant A term. 

The trends in the 2—3 and 3—4 couples shown by the actinides (see Fig. 3) are similar to those 
for the rare earths and the same discussion applies. The shift in potential with increasing 
atomic number is nicely shown by the 3—4 couple which here crosses right through the water 
stability region. The dotted line through the 2—3 americium point merely indicates the slope 
observed for the rare earths. 


Fic. 3. 
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4—5 and 4—6 Couples of the Actinide Elements.—From Fig. 1 it might be predicted that the 
oxidation potential for the 4—5 couple should be much more negative than for the 3—4 couple. 
This is not the case, as is shown by comparison of Figs. 3 and 4. The curve of Fig. 1 applies 
to simple, hydrated ions, however, and experimentally it is found that the +5 ions of these 
elements are hydrolyzed in aqueous solution (as well as hydrated) to form MO,*. The formation 
of this species shows that it is more stable than a hypothetical +5 hydrated ion and therefore 
the 4—5 potentials should be more positive than predicted from Fig. 1. 

The trend in the potential with increasing atomic number is not as great as with the 3—4 
couple. Probably the effect of the tighter binding of the f electrons with increasing nuclear 
charge is being partly compensated for by an increase in the strength of the bonds to the two 
oxygens. The E° values do not vary nearly linearly as with the 3—4 couple and there are not 
sufficient data to determine whether they lie on a smooth curve. Irregularities might arise 
from sensitivity of the metal-oxygen bond energies to the specific number and arrangement of 
non-bonding f electrons, or it may be fortuitous that the data for the 3—4 couple show such a 
uniform trend. 
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The actinides in the +6 oxidation state in acidic solution exist in the form of the ion MO,*+, 
To avoid the introduction of differences in the metal-oxygen bond energies the potential of the 
4—6 rather than 5—6 couple has been plotted in Fig. 4. The general discussion for the 4—5 
couple applies here also. 

+2 and +3 Oxidation States of Thorium.—Quite recently Anderson and D’Eye (this vol., 
p. S 244) have prepared ThI, and ThI,, the latter also having been prepared by Hayek and Rehner 
(Experientia, 1949, 5, 114). It is of interest to know the / value of the valency electrons of 
thorium in these compounds. 

It has been shown (De Bruin, Klinkenberg, and Schuurmans, Z. Physik, 1944, 122, 23; 
1941, 118, 58) spectroscopically that the ground electronic configurations of the valency 
electrons in gaseous Tht* and Tht* are 6d* and 5/1, respectively. With Th** the 6d'5/* state 
lies only a fraction of a volt above the ground level and the 5f? level lies approximately 2 volts 
above. In the case of Th** the 6d" state is approximately 1 volt less stable than thg ground 
state. Since these various configurations do not differ greatly in energy, it is possible that any 
of them might be sufficiently stabilized in a condensed phase relatively to the gas phase to 
become the ground configuration. 

In the case of Ce** the d configuration is stabilized relatively to the f in going from the gas 
to a condensed phase. The separation in levels is 49,737 cm.-' in the gaseous ion 
(Lang, Canadian J. Res., 1936, 14, A, 127) while the low-frequency limit of the absorption of 
the aqueous ion, which has been ascribed to excitation to the d configuration (see ¢.g., Bose and 
Mukherji, Phil. Mag. 1938, 26, 757) gives 34,000 cm.-?. This stabilization is approximately 
2 volts. The same effect being assumed to hold qualitatively for thorium, there should be no f 
electrons in ThI, and very likely none in Thl,. 


Fic. 4. 
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It is difficult to convert Anderson and D’Eye’s data on the stability of ThI, with respect to 
disproportionation into Th and ThlI, into an aqueous oxidation potential of the 3—4 couple. 
A rough estimate of this value using Brewer's general method (U.S.A.E.C. Declassified Document 
AECD-1899, Feb. 10, 1948) and the data for the corresponding uranium compounds (Brewer, 
Bromley, Gilles, and Lofgren, ibid., MDDC-1543, Sept. 20, 1945) would indicate it to be of 
the same magnitude as the value extrapolated from the 3—4 potential curve of Fig. 3. 
Since the value corresponding to a d configuration would also be expected to lie in this region, 
the oxidation-potential data do not appear to offer a hopeful means of deciding between the 
two configurations. 

The great reactivity of ThI, and Thl, with water provides no evidence as to the electron 
configurations, because f-type structures would be expected to reduce water rapidly on the 
basis of the data of Fig. 3, and the same is true of d-type structures, in analogy to the lower 
halides of zirconium and hafnium. The intense colour of the compounds is possible for any of 
the structures.* 

Protoactinium.—Nothing is known of the electronic structure of the gaseous atom and ions 
of protoactinium. Its chemistry is only incompletely elucidated but it appears usually to 
exist in compounds in the +5 oxidation state. An oxide has been shown (Zachariasen, quoted 
by Thompson in U.S.A.E.C. Declassified Document AECD-1897, Feb. 1948) by X-ray analysis 


* At first sight it might be thought that ThI, should be nearly colourless like Cel, if it has an 
f-type configuration. In Cet® the d levels lie far above the f, ange ean mag ng in the ultra-violet ; 
however, they could lie much lower in the case of Th** so as to give absorption in the visible region. 
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to have the ‘‘ dioxide ’’ type structure which normally occurs in compounds approximating to 
the composition MO,. Bouissieres and Haissinsky (this vol., p. S 256; Compt. rend., 1948, 226, 
573) have recently reported the preparation in aqueous solution of an oxidation state below + 5, 
probably +4. The reducing conditions used would indicate a 4—5 potential somewhat more 
negative than 0 volt. 

Extrapolation of the 4—5 potentials of Fig. 4 to protoactinium is so uncertain that at best 
it may be predicted that the potential will probably be between 0 and —0-6 volt. Actually this 
extrapolated value should lie below the true value because it is clear from the chemistry of 
Pa(V) that it does not have a structure corresponding to UO,*+, NpO,*, and PuO,* but is more 
stable in a form resembling Cb(V) and Ta(V). This will make the oxidation potential of the 
4—5 couple more positive than predicted from Fig. 4. 

The presumed +4 state probably has an f type valency electron because, if it were d, 
reduction of Pa(V) to Pa(IV) should be very difficult by analogy with tantalum. 


UNIVERSITY OF CALIFORNIA. [Read, March 28th, 1949.) 





$50. The Position of the Cis- and Trans-uranic Elements in the 
Periodic System: Uranides or Actinides? 


By M. HAIssINSsKyY. 


Reasons are advanced against the classification of the cis-uranic elements in a new rare-earth 
series, the actinides. 


THE question of the existence of a rare-earth series in the seventh period and its classification 
as an actinide, thoride, protoactinide, or uranide series must be considered from the standpoint 
of the general evolution of the chemical properties of the elements in the whole Periodic 
System, and not only in relation to the characteristics of the seventh period. Now that all the 
elements are known, we are able to understand fairly thoroughly the nature of the periodicity 
and the very complex relationships which exist between their properties and structures. In 
particular, we see the danger of predicting the behaviour of an element or a group of elements 
by analogy and extrapolation only; when not based on experimental facts, completely erroneous 
conclusions may be drawn. Illustrations of this statement are to be found all through the 
Periodic System, particularly at its upper end. 

We shall begin with the element of atomic number 79, i.e., gold. Its valency anomaly is 
well known : although belonging to the first group, it is most stable in the tervalent state. Its 
neighbour, mercury, unlike the homologues zinc and cadmium, has numerous stable univalent 
compounds; further, extrapolation of the melting points of zinc and cadmium does not indicate 
that mercury is liquid at room temperature, 

Thallium, an element of the third group, is not only most stable in the univalent compounds, 
but its behaviour in this oxidation state is very similar to that of the alkali metals. With 
regard to lead, Marie Curie said, not without reason, that it is an alkaline earth which “‘ got into 
the wrong case’’. 

The chemical properties of polonium are known only on the tracer scale, but what we know 
could not have been predicted merely from the extrapolation of the properties of selenium and 
tellurium. Indeed, for some years it was believed that the polonium discovered by the Curies 
differed from the eka-tellurium of Marckwald. Finally, though the properties of astatine are 
as yet little known, we may conclude from the recent paper by Johnson, Leininger, and Segre 
(J. Chem. Physics, 1949, 17, 1) that this element is far from being an orthodox halogen. 

Of course, these apparent anomalies can be more or less well explained by the electronic 
structures of the atoms, and, now that they are known, they can be understood within the 
scheme of the general evolution of properties in the groups and in the periods. The great and 
continuing usefulness of the Periodic System consists in the fact that it expresses this variation 
so well: whilst, on the one hand, it enables us to arrange the elements of neighbouring 
fundamental properties in chemical groups and families, it also sums up the individual 
characteristics of each element inside its group. The system, however, would lose its significance 
if elements very different chemically were classified in the same family. This is the error 
committed by the protagonists of the actinide hypothesis. 
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Let us examine the seventh period. The group relationship is shown rather better in this 
than in the previous period. This is well established for francium and radium, and is also 
nearly true for actinium vis-a-vis lanthanum, although it is not quite clear why in some 
fractionated precipitations actinium does not accompany lanthanum but is found between 
neodymium and samarium. Bouissiéres and the author (XIth International Congress of 
Chemistry, London, July, 1947) have shown that thorium is a true homologue of zirconium and 
hafnium, and that protoactinium is similarly the homologue of niobium and tantalum. This 
conclusion is drawn from a consideration of the tendencies to hydrolysis and complex formation, 
basicity, and acidity, stability of peroxides, electrochemical behaviour, etc. 

The very recent discovery of lower valencies of protoactinium (Haissinsky and Bouissiéres, 
Compt. rend., 1948, 226, 573) and thorium (Hayek and Rehner, Experientia, 1949, 5, 114; 
Anderson and D’Eye, this vol., p. S 244) does not alter this conclusion. The great instability of 
its tri-iodide and its metallic aspect show, as pointed out independently by Hayek and Rehner 
and by Anderson and D’Eye (loc. cit.), a similarity with the lower halides of zirconium and 
hafnium, but marked differences from cerium tri-iodide. The analogies between uranium and 
the other elements of the sixth group, molybdenum and tungsten, are also well known, though 
some differences also exist. 

Not only are actinium, thorium, tantalum, and uranium true homologous members of their 
respective groups, but in their most stable oxidation state they are very different from one 
another, as different as it is possible for any four neighbouring elements to be. This fact is 
decisive, and largely sufficient for the rejection of any classification which endeavours to place 
these elements in the same chemical group. Radiochemists, who encounter so much difficulty 
in separating natural protoactinium from its homologue tantalum and who easily separate it from 
thorium and uranium, could never admit such a classification. The classification of the three 
cis-uranic elements with uranium in a new rare-earth series, called actinides, is not only contrary 
to the historical development and to the chemical significance of the first rare-earth series, the 
lanthanides, but is also didactically wrong * and induces an unnecessary perturbation in the 
Periodic System. 

Let us now consider the facts which led Seaborg to support the actinide hypothesis. The 
three elements uranium, neptunium, and plutonium can exist in the valency states 6, 5, 4, and 3, 
the stability of the valencies 4 and 3 increasing from uranium to plutonium. Then follow 
americium with valencies 3, 4, and 5,f the first being the most stable, and curium with the 
valency 3 only. 

There is no analogy with the corresponding elements of the lanthanide series, which from 
lanthanum to gadolinium have normally only the stable valency 3, except for cerium, which 
has also the unstable valency 4, and praseodymium with the valency 4 in the oxide (but not in 
solution). The lower valency 2 is known for samarium and europium. 

From a purely chemical point of view, the striking similarity of the properties of uranium, 
neptunium, and plutonium, recall the triads of the eighth column. But as these elements are 
followed by americium and curium which have only lower valencies, one might think that we 
have here a pentad of transition elements similar to the triads, where too, the higher valency 
diminishes from left to right. Quantum mechanics, however, predicts the appearance of 5f 
electrons somewhere in the neighbourhood of uranium. Because of the statistical character 
of the calculations carried out on a small number of particles of the electronic gas, it is known 
that the precision of the theory is poor. For the lanthanides, Goeppert-Mayer (Physical Review, 
1941, 60, 184) found that the first 4f electron should appear in the neodymium atom (instead of 
cerium). For the seventh period, the theoretical results vary between element 91 (idem, ibid.) 
and 93 (Wu and Goudsmith, ibid., 1933, 48, 496). By stating, then, that there exists in this 
period a uranide series, we satisfy both the chemical evidence and the general theoretical 
conclusions. We thus avoid any confusion between very different elements and between the 
new series and the lanthanides, the latter being, in any case, very different from the former. 

The hypothesis of a thoride series should be eliminated on the same grounds. Its existence 
does not seem probable if we examine the variation of the quadrivalency stability in the 


* In a recent popes, Purkayastra (Nucleonics, 1948, 3, No. 5) says that thorium, protoactinium, and 


uranium are not w efined as higher homologues of hafnium, tantalum, and tungsten. This statement 
is, of course, contradicted by chemical evidence, but is perhaps a logical consequence of the actinide 
hypothesis as understood by this author, who sees in the co-precipitation of protoactinium with zirconium 
as phosphate and with thorium as oxalate an indication of its valency ! 
The valency 4 for the highest oxidation state of americium has been claimed in all American 
ublications until today ; but Dr. Connick (this vol., p. S 237) has announced that the higher valency is 5. 
t seems that the existence of other, unstable, valencies of curium cannot be excluded. 
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seventh period. This variation is given schematically below, where the number of the lines 
increases with the stability : 
Th Pa U Np Pu Am Cm R 














The existence of a protoactinide series could more easily be compatible with the chemical 
evidence, but such an hypothesis is unnecessary. 

At the XIth International Congress of Chemistry, Dr. Maddock remarked that the elements 
can be classified according to either their chemical properties or their electronic structures : 
the two methods generally lead to the same results, but at the end of the Periodic System they 
may give alternative arrangements. Since theory cannot yet decide with sufficient accuracy 
as to the location of the 5f electrons, Maddock’s remark would signify that, although the 
chemical evidence is contrary to the existence of a homogeneous actinide series, analogous to 
the lanthanides, yet physical facts would be favourable to the appearance of the first 5f electron 
in thorium. If this is so, since we are dealing with the Periodic System, which is essentially a 
chemical classification, there is no reason for the introduction of an actinide series; but let us 
examine the physical facts. 

The principal methods used for the determination of the electronic structures in the seventh 
period are measurements of X-ray terms, optical absorption and emission spectra, and magnetic 
susceptibilities. The work of Sugiura and Urey (Danske Vid. Akad., Math.-fys. Medd., 1926, 
VII, No. 13), giving a classical quantum interpretation of the X-ray terms of thorium and 
uranium, is probably the first made in this direction. They concluded that the 5f electrons do 
not appear before element 95. But according to Starke (Naturwiss., 1947, 34, 62), Russel 
(unpublished work) found from the X-ray spectrum that the f levels of uranium are deeper than 
those of the d levels. Other authors (Ephraim and Mezener, Helv. Chim. Acta, 1933, 16, 1257; 
Goldschmidt, Fra Fysik. Verden, 1942, 3, 179) see in the absorption spectra sharp band 
structure given by compounds of U(IV) and similar to that for the rare earths, an indication 
of the existence of thoride series. Starke (Z. anorg. Chem., 1943, 251, 251), however, noted 
that the argument is not convincing, since compounds of the iron group give the same type of 
absorption spectra:* As for the emission spectra, it is known (MacNally, J. Opt. Soc. Amer., 
1942, 32, 334; De Bruin, Klinkenberg, and Schuurmans, Z. Physik., 1943, 121, 667; 1944, 122, 
23; Meggers, Science, 1947, 105, 514) that in the case of thorium, the fundamental terms do 
not correspond to f electrons. On the contrary, the results of two groups of spectroscopists 
(Kiess, Humphreys, and Laun, J. Res. Nat. Bur. Stand., 1946, 37, 57; Schuurmans, Physica, 
1946, 11, 419) seem to indicate the presence of three 5f electrons in the uranium atom. Kiess, 
Humphreys, and Laun (loc. cit.) even affirm that the structure of the uranium spectrum is 
similar to that of neodymium. This very surprising result is contradicted by previous 
measurements of magnetic susceptibilities by several authors (Bose and Bhar, Z. Physik, 1928, 
48, 716; Sucksmith, Phil. Mag., 1932, 14, 1115; Lawrence, J. Amer. Chem. Soc., 1934, 56, 776; 
Haraldsen and Bakken, Naturwiss., 1940, 28, 127). These experiments lead to the conclusion 
that the valency electrons of uranium are 7s*6d‘*. The difficulties of interpretation of such 
complex spectra as those of uranium are well known, and perhaps it would be better to await 
confirmation of these results, which are considered by Kiess e# al. as preliminary. Uranium 
and neodymium being chemically very different, such a confirmation would give a very good 
illustration of the lack of direct relationships between electronic structure and chemical 
character in this part of the Periodic System. But even then, the presence of three 5f electrons 
in uranium does not necessarily signify that protoactinium has two and thorium one 5f electron. 
Indeed, other cases are known, where two or three electrons of a given group appear suddenly 
together in an atom; e.g., "Os 5d%6s*, "Ir 5d®. 

Further research is certainly necessary in order to establish the electronic distribution in 
the outer shells of the uranides and of their neighbours. But the author agrees with Seaborg 
(Ind. Eng. Chem., News Edn., 1946, 24, 1197) that “sometimes it may be something of an 
academic matter to assign electrons to the 5f or 6d shells”. For the chemical point of view, 
however, the differences between the cis- and the trans-uranic elements are too well marked 
for their inclusion in one and the same series. 


I am grateful to Profs. Croze, Allard, and R. Gregoire for useful discussion. 


InstITUT DE Raptum, Paris. © [Read, March 28th, 1949.) 


* For the same reason, the close values for the ionic radii of thorium and U(IV), pointed out by 
Goldschmidt (Joc. cit.) as favourable to the thorides, are not decisive, as he himself noted. 
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S51. The Lower Valency States of Thorium. 
By J. S. ANDERSON and R. W. M. D’EvE. 


The possible existence of compounds of bivalent or tervalent thorium has some current 
interest in relation to the position of thorium in the Periodic System, and the so-called 
“ actinide ”’ theory of the heavy elements. Such compounds might indicate whether unutilised 
valency electrons are disposed in the cerium-like (5f) or the zirconium—hafnium-like (6d) 
configuration. 

Thorium di- and tri-iodide have now been prepared and found to be deeply coloured 
compounds, analogous in every t to the lower zirconium and hafnium iodides. They are 
formed by reduction of the tetraiodide with varying quantities of metallic thorium at 450—550°. 
The tri-iodide is perceptibly volatile; it undergoes reversible dissociation to tetra- and di-iodide 
at ba sp ae °. Above 600°, both lower iodides disproportionate into the tetraiodide and 
metallic thorium. 


The compounds are es and react vigorously with water, forming a thorium(IV) 
salt and hydrogen equivalent to the reducing power. A complete analytical balance sheet can 
thereby be obtained, the Th: H ratio characterising the product and the Th: (H + I) ratio 
(ideally 4) serving as a check on the unavoidable side reaction of thorium tetraiodide with the 
glass. The two compounds have been unambiguously identified in this way, although not 
isolated completely free from each other. The compounds have been further characterised by 
their X-ray diffraction patterns. The di-iodide has been found to have a hexagonal layer-lattice 
structure, related to the C6 type, with a = 4-13 and c = 7-02 a. 


RECENT discoveries of the trans-uranic elements, a new transition series arising from the 
occupation of the 5f electron levels, have directed attention to our scanty knowledge of the 
chemistry of the elements following actinium in the Periodic Table. In particular, the stage 
at which the occupation of the 5f levels commences, through the crossing-over of the energies 
of the 6d and 5f states, is not known, although some evidence bearing on this point should be 
provided by chemical relationships with the rare earths, and with the A-sub-group elements 
higher in the Periodic Table. 

The elements of Group IVa (titanium, zirconium, hafnium) have a *F ground state with 
d and s electrons external to an inert-gas core, as is typified by zirconium, with the configuration 
KLM 4s*4p*4d*5s*. These elements are quadrivalent in most of their stable compounds, 
although compounds of bivalent and tervalent titanium are well known, and the lower halides 
of zirconium and hafnium have been described. As is general, the ease of reduction to these 
lower valency states decreases as the atomic number increases. 

Thorium is quadrivalent in all its compounds described hitherto, but if—as has generally been 
considered—thorium is the analogue of the Group IVa elements, with the ground state Th, 
KLMNO 6s*6p*6d*7s*, one might expect potentially variable valency, as shown by the existence 
of lower halides resembling in physical and chemical properties those of zirconium and hafnium. 
In addition to the Group IVa relationship, the chemistry of thorium is frequently stated to 
resemble that of quadrivalent cerium. The analogy is, in fact, very limited; Th*t and Ce*t 
are both inert-gas-like ions, of similar ionic radius; analogies of crystal structures and of 
complex-salt formation from these ions have little bearing on the sequence of electronic levels 
outside the xenon- and radon-like cores. The compounds of tervalent cerium are derived from 
the ion Ce**+, KLM 4s*4p%4d"4f15s*5p*, and differ entirely from the compounds of tervalent 
zirconium or hafnium; these differences are not only in reactivity, arising from the energetics 
of the oxidation—reduction process but, more significantly, in the crystal structure and colour 
of the compounds concerned, which indicate the greater polarisability of the odd d electrons 
in Zr*+ as compared with the screened odd f electrons in Ce*+. Compounds of bivalent cerium 
analogous to zirconium di-iodide do not exist. We concluded that from the existence and 
properties of lower halides of thorium the true chemical affinities of thorium might be deduced. 
As is shown below, the analogy with zirconium and hafnium is close; this conclusion was also 
reached by Hayek and Rehner (Experientia, 1949, 5, 114) in a publication dealing with the 
formation of thorium tri-iodide, which appeared after the completion of the work described 
here. 

Of the Group IVa elements, only quadrivalent titanium can be reduced in aqueous solution. 
The anhydrous tetrahalides have, however, been reduced to the trihalides by hydrogen (TiBr,; 
Young and Schumb, J. Amer. Chem. Soc., 1930, 52, 4233) or aluminium (ZrCl, Ruff and 
Walstein, Z. anorg. Chem., 1923, 128, 96; ZrBr,, Young, J. Amer. Chem. Soc., 1931, 58, 2148; 
HfBr,, Schumb and Morehouse, ibid., 1947, 69, by In the present work it appeared more 
promising to use metallic thorium as reducing agent, for the work of de Boer and Fast (Z. anorg. 
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Chem., 1930, 187, 177) had shown that in the system of zirconium halides the reversible reactions 
3Zrl, + Zr —— 4ZrlI, and 2Zrl, —— Zrl, + Zrl, take place readily at 450—600°. 

In a semi-theoretical review of the thermodynamic properties of the heavy elements in their 
several valency states, based on Seaborg’s “‘ actinide’’ theory, Brewer (MDDC., 1543) has 
predicted that the tervalency of thorium should be doubtful but that its trichloride might be 
the most stable lower halide. Analogy with the chemistry of zirconium and hafnium suggested 
that the iodides would be prepared more readily than the chlorides and bromides. This 
conclusion has been borne out by experiment. Thorium di- and tri-iodide have been prepared 
as deeply coloured compounds, very similar to the anhydrous lower iodides of the Group IVa 
metals, and decomposed by water according to the equations : 


ee ee oe) oe 
Thi, + 2H*+ —> Th*+ + H, + 2I- 


EXPERIMENTAL. 


Reaction of Thorium Metal with Thorium Tetraiodide.—Thorium tetraiodide was prepared by direct 
union of the elements in a flask carrying three side arms with a glass septum in the neck (see Fig. 1). 
This was joined by one side arm to a vacuum system, consisting of a McLeod gauge, rotary oil pump, 
and a mercury diffusion pump, and through another side arm to an iodine reservoir. The apparatus 
was evacuated to 10-* mm., and the whole apparatus flamed out. Dry air was admitted to the apparatus, 
and the side arm D med. 3 Mg.-atoms of thorium were introduced, then the side arm was drawn 
off as close to the neck of the flask as possible. 6 Mg.-mols. of iodine were introduced into the iodine 
reservoir through side arm E which was then sealed in turn. The iodine reservoir was immersed in 
liquid air, the whole apparatus evacuated and the thorium thoroughly out-gassed by heating it with a 
luminous tipped Bunsen flame. When cool, the apparatus was coaed and drawn off from the vacuum 
system at constriction A. The liquid-air bath was removed, and the reservoir allowed to warm to room 
temperature. When the thorium had been heated to approximately 400°, the iodine was sublimed 
over into the thorium flask, where an exothermic reaction took place and yellow thorium tetraiodide 
was formed. Any remaining iodine was sublimed into the thorium flask, and the iodine reservoir then 
sealed and drawn off at the constriction B. The flask and contents were placed in an oven at 475° for 
several hours in order to complete the reaction. 


Fie. 1. 
Glass septum 
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Glass septum 
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The flask containing the tetraiodide was joined by a constriction to one of the three side arms of a 
similar flask. Another side arm was connected by a constriction and tap to a liquid-air trap and then 
to a vacuum system. After evacuation and flaming out of the apparatus, from 1 to 6 mg.-atoms of 
thorium, ing to the product desired, were added through side arm F (see Fig. 2), which was then 
sealed and drawn off. The Fs gene was again evacuated and the thorium out-gassed at 10-* mm. 
After tap E had been closed, the apparatus was removed from the vacuum system, and the glass septum 


A broken. The apparatus was again connected to the vacuum system, and the liquid-air trap evacuated. 





S 246 Anderson and D’Eye: 


By opening tap E any residual gases and/or free iodine could be pumped off. The tetraiodide was 
sublimed into the flask containing the thorium whilst the apparatus was subjected to continuous 
umping. Then, after the apparatus had been sealed and drawn off at constriction D, the flask which 

had contained the tetraiodide was sealed and drawn off at constriction C. ; i 

After several hours’ heating, the flask was removed from the oven and examined. No thorium 
tetraiodide was visible, but a black powder and a sublimate with a metallic lustre were seen on the 
walls of the flask. This clearly indicated that a lower halide had been formed. : , 

Analysis.—By analogy with the lower halides of zirconium, the lower halides of thorium are likely 
to react with water, evolving hydrogen and forming a thorium (IV) salt in solution (cf. equations i and ii, 
above). If this reaction is quantitative, the volume of hydrogen liberated is a direct measure of the 
reducing power of the thorium. According to our observations this is the case, although Hayek and 
Rehner (Joc. cit.) state that the primary reaction with water is one of disproportionation : 


4Th** == 3Th* + Th 


In experiments with thorium di-iodide, at least, the full quota of hydrogen was liberated rapidly, 
any metallic thorium remaining as a residue and reacting slowly with the (somewhat acid) solution being 
attributable to excess of thorium present in the preparation. Our results may, perhaps, not exclude 
the partial occurrence of this reaction with thorium tri-iodide, even though most of the material reacts 
according to equation (i). 

For the purposes of analysis the flask containing the lower halide was joined to a tap-funnel and toa 
Toepler pump. The septum was perforated, and 10 c.c. of air-free water were run in in vacuo. A 
vigorous exothermic reaction took place, and the hydrogen gas was withdrawn and measured. The 
solution, filtered from pieces of broken septum and unchanged thorium, was analysed for thorium and 
iodine by precipitation as thorium oxalate and silver iodide, respectively. 

A complete analytical balance sheet was thereby obtained in each experiment; the ratio Th: I: H 
should be 1: 3: 1 for ThI, and 1: 2:2 for ThI,. Results obtained for preparations with varied initial 
quantities of thorium tetraiodide.and thorium metal are collected in Tables I and II. 


TABLE I, 
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TABLE II, 
E: de «8:1. 


Thorium, ThI,, 
milliatoms. millimols. Temp. 
3-26 475° 
535 
555 
555 
555 
555 


Results and Discussion.—It is convenient to consider separately the experiments designed 
to produce the tri-iodide, with initial ratios I: Th > 3:1 (Table I), and those designed to 
produce the di-iodide (I: Th < 3: 1) (Table II). 

(a) Thorium tri-iodide system. Ifthe systems with I : Th > 3: 1 attain chemical equilibrium 
during heating, they must, according to the phase rule, be univariant, with two solid phases 
present. If—as proved to be the case—complete reaction is not achieved, some metallic 
thorium may remain in excess. The metallic thorium available had an oxygen content up to 
0-5% (equivalent to nearly 5% ThO,), and this may have adversely affected the reaction. 
From analytical data alone it would be impossible to distinguish mixtures of the tri-iodide with 
excess of tetraiodide from mixtures of di-iodide with excess of tetraiodide. However, in such 
experiments as Nos. 1, 3, and 6 (Table I), the latter alternative would involve the presence of a 
relatively large excess of tetraiodide, which would be easily visible by reason of its bright yellow 
colour. In fact, only a trace of yellow tetraiodide was detectable and removable by sublimation 
at low temperatures (200°), and no diffraction lines of this iodide were identified in the X-ray 
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diffraction pattern. Hence, the product of reaction under the conditions specified was 
undoubtedly the tri-iodide, with some excess of unchanged tetra-iodide. 

From Table I it is seen that the duration and temperature of heating, within the range 
450—550°, had no effect on the apparent yield of tri-iodide. The maximum apparent yield of 
70% may be due to a coating of tri-iodide on the thorium, preventing further reaction with 
the tetraiodide. Alternatively, it would be explained if a portion of the tri-iodide underwent 
disproportionation according to equation (iii), as suggested by Hayek and Rehner. It can 
readily be shown that the simultaneous occurrence of reactions (i) and (iii) lowers the Th : H 
ratio, whilst preserving the ratio Th: (I + H) = 1:4. In Table I the latter ratio is, in general, 
greater than 1:4, and this is probably to be attributed to the known reaction between 
tetraiodide and glass (Fischer, Z. anorg. Chem., 1939, 242, 161), whereby ThO, and Sil, are 
formed. In the analysis the iodine present as Sil, is necessarily determined along with that 
present in the ThI,-ThlI, system. 

(b) Thorium di-iodide system. Products from experiments with I: Th > 3:1 could, in 
accord with the analytical data, consist of di-iodide mixed with either tetra- or tri-iodide. The 
latter appears the more probable, since in experiments 1, 2, 3 (Table II) no tetraiodide was 
detectable visually or separable by sublimation at low temperatures. Moreover, in the absence 
of an excess of tetraiodide there is little reaction with the glass vessel during heating, as is shown 
by the satisfactory values found for the Th: (I+ H) ratio (column 6). The optimum 
conversion into di-iodide was obtained at temperatures above 550°. 

X-Ray Crystallographic Evidence.—For X-ray examination, samples approximating closely 
to the compositions ThI, and ThI, were introduced into thin-walled capillaries (0-3 mm. diam.) 
sealed on to the reaction vessel. Photographs were taken with filtered Cu-Ka radiation. The 
existence of two compounds, distinct from each other and from the tetraiodide, was thereby 
clearly confirmed. 
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Inter-atomic distance (r). 

Thorium tri-iodide, after prolonged annealing in the evacuated capillary (48—200 hours at 
550°), gave evidence of extensive recrystallisation; this compound is perceptibly volatile, and 
appears to form either largely oriented aggregates, or possibly a few mutually oriented crystals 
within the capillary. Two characteristic diffraction patterns have been observed, depending 
on the duration of the annealing, and it appears probable that the tri-iodide is dimorphous. 
Evidence available at present suggests that neither form is isomorphous with the rare-earth 
tri-iodides, but the study of the compound is incomplete. 

Thorium di-iodide is not volatile, and does not undergo recrystallisation and orientation 
within the capillary. In order to derive the maximum information from the data, the 
interplanar spacings d, and visually estimated intensities J, and all the observed lines were 
combined by constructing the radial distribution function G(r) (cf. Warren and Gingrich, 
Physical Rev., 1934, 46, 368; Medlin, J. Amer. Chem. Soc., 1935, 57, 1036; 1936, 58, 1590) : 


2r 
G(r) = oy xS,.1,; sin S;.r where S; = (4m sin 6)/A 
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For computation this can more conveniently be converted into the equivalent form 


G(r) = 45 d, sin 27 Z, 

The values of G(r), between r = 1-6 a. and y = 7-2. are shown in Fig. 3; two strong, sharp 
peaks are shown at ry = 4:134., y = 7-02 4., with smaller peaks at r = 3-1,4., ry = 5-1, 4. 
The interatomic distance 4-13 a. is within the range of I-I distances in metallic iodides; the 
size of the peak indicates that this coincides also with a Th-Th distance. The 3-10 a. peak may 
be taken as a Th-I distance, and the I-Th-I angle can then be calculated as approximately 
84°, being somewhat sensitive to errors in the interatomic distances. It is evident that the 
thorium is in 6-fold co-ordination with iodine (I-Th-I angle ideally 90° for octahedral 
co-ordination). With this established, consideration shows that the radial distribution function 
is compatible only with a hexagonal layer-lattice structure, with a4 = 4-13a., c = 7-0,4., 
c/a = 1-7. The magnitude of the 4-13 a. and 7-0, a. peaks is then due to the coincidence of 
Th-Th and I-I distances; the 5-1, a. peak is in the required position for the Th—I (second 
nearest neighbour) distance. 

The observed diffraction pattern can, indeed, be satisfactorily indexed on this basis, and 
it may be concluded that thorium di-iodide crystallises, like other known di-iodides, in a layer- 
lattice structure related to the CdI, (C6) structure. Calculation of intensities, and direct 
comparison with the diffraction pattern of lead iodide, which is comparable in ‘cell dimensions 
and in the relative scattering power of the atoms concerned, shows some anomalies, however. 
The elucidation of these must await further work, and the full presentation of the X-ray data 
is, accordingly, deferred to a later publication. 

Conclusion.—The results given here show that thorium can display variability of valency, 
and that the compounds formed resemble in their types, reactions, and physical properties 
those of the Group IVa elements zirconium and hafnium. The inferences may legitimately 
be drawn that these lower halides, like those of zirconium and hafnium, are based on cations 
with unutilised 6d electrons, and that the occupation of 5f orbits comes into operation only 
with the elements of higher atomic number than thorium, 
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$52. A Tracer Study of the Chemistry of Protoactinium. 
By A. G. Mappock and G. L. MILEs. 


The paper describes the results of a tracer investigation made in connection with the 
a of a method for the separation of natural protoactinium. The results emphasize 
the difficulty of interpreting the evidence of precipitation on carriers in the case of an element 
whose compounds are so prone to hydrolysis. The conditions for the stability of tracer 
concentrations of protoactinium in aqueous solutions have been investigated. The chemistry 
of aqueous solutions of protoactinium compounds more closely resembles that of zirconium 
compounds —_ of tantalum. Similarities with the adjacent elements thorium and uranium 
are not marked. 


THE discovery of the transuranic elements, and speculation concerning the “ 5f’’ electrons, 
has led to renewed interest in the chemistry of element 91 (see e.g., Seaborg, Science, 1946, 
104, 379; Zachariasen, Physical Rev., 1948, 78, 1104). Until very recently, it had been 
customary to discuss the chemistry of protoactinium in terms of those elements which were 
used as carriers in its extraction, particularly tantalum and zirconium. The little that was 
known was based mainly on experiments directly related to the separation of the element. 
Even elementary details of its chemistry have, however, yet to be established with certainty— 
as, for example, the valency states of the element (see Bouissiéres and Haissinsky, this vol., 
p. S 256). Most of the information which was available was of the type that is listed in the 
following table. For example, it had been noted that protoactinium is precipitated with 
zirconium phosphate from strongly acid solution, and that, unlike zirconium, it is carried on 
tantalic acid. The table includes results obtained in this investigation. Such qualitative data, 
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however, although relevant to the separation of the element, tell us little about its chemistry ; 
for that, it is necessary to know something of the mode of operation of the carrier. Greater 
reliance can be placed on the evidence of those properties the investigation of which is 
independent of the concentration, that is to say, on solvent extraction of complexes, electrolytic 
transport, and similar characteristics. 


Comparison of some reactions of protoactinium with those of zirconium (and hafnium), 
tantalum, and thorium. 
Observed behaviour of protoactinium is : 
Like Unlike Like Unlike Like Unlike 
Zr. Ta. Th 


i) 
» 


Pptd. by H PO, i SINE ocunchnetinseteretecessboes 
Pptd. with Ta,O, in IN-HCI .......scscccccsssscssseces 

td. with MnO, in acid § ......ccccccccsccevccceccccces 
Soluble in HF pH 1—® .........cscsscssssesssseseoseees 
Pptd. Dy acid HyOg  ----seeeeeseeeeseerseeseeeeseeeeeees 
SOL. 00 CRRA BEM, sccccoscrcnsccenscessonccosoucces 
Pptd. by H HI0, it Sane. ..........c.....5. 
Pptd. by ammonium phenylarsonate in dil. HNO, 
Cupferronate stable in 2n-HCl 
Sol. in tartaric acid, pH 1—10 ................ceeeeees 
Sol. in citric acid, PH 1—1O ............seeeeeeeeeeeeee 
Sol. in oxalic acid, PH 1—O ...........ceececeeeeeees 
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(1) Hydrolysis of Protoactinium Solutions.—Preliminary experiments suggest that, except 
in the presence of certain complexing agents, protoactinium would not be in true aqueous 
solution even at a pH as low as 1-0. It was most desirable to define the conditions under which 
it is in solution at tracer concentrations in ionic, or molecular form, and not as a radio-colloid. 
Accordingly, a series of protoactinium solutions, of different composition and acid concentrations, 
were centrifuged at high speed (about 20,000 g.) and the losses compared. The results show 
that true solutions were only obtained with the mineral acids at normalities greater than 3, 
and with the complexes produced in 1-5n-citric acid or 0-5m-ammonium fluoride solutions. 

(2) Electrolytic Transfer Experiments.—The sign of the principal protoactinium ion in 
various solutions can be determined, even at tracer concentrations, by measurement of electrolytic 
transport using a cell with isolated electrode compartments. The results show that the 
principal protoactinium-containing ion is a cation in hydrochloric acid solutions. However, 
in citric acid and ammonium fluoride solutions the whole of the protoactinium is present as 
an anion. 

(3) Coprecipitation Experiments.—Inferences about the chemical properties of an element 
drawn from coprecipitation experiments are more reliable if the process can be shown to be due 
to isomorphous incorporation of the submicroscopic component. Coprecipitation by adsorption 
or chemisorption processes is distinguished by the dependence of the efficiency of coprecipitation 
on the conditions, temperature, pH, presence of other ions, and manner of addition of reagents. 
In such cases macroscopic quantities of the compound of the tracer adsorbed will generally be 
found more or less insoluble in the medium in which coprecipitation occurs. 

When uniform incorporation of the tracer takes place, it may be due to isomorphous 
incorporation or, in a more limited number of cases, it may result from mixed crystals due to 
complex ion formation. Uniform incorporation of the tracer is characterised by greater 
insensitivity of the efficiency of co-precipitation to the conditions and, when the precipitation 
of the macroscopic component is incomplete, by a linear relation between the fractions of the 
two components that are precipitated. 

Using these criteria, the coprecipitation of protoactinium on mixtures of zirconium and 
hafnium phosphates, iodates, and phenylarsonates, and on thorium iodate, tantalic acid, and 
lanthanum fluoride was investigated. In no case was evidence of w:.iform incorporation 
obtained. In the case of tantalic acid a comparison was made of the efficiency of coprecipitation 
obtained in solutions at various acidities with the extent of hydrolysis of the protoactinium as 
shown by the centrifugation experiments. Strong reducing agents such as hydrazine, sulphur 
dioxide, and zinc amalgam appeared to be without effect on the behaviour of tracer 
concentrations of protoactinium with lanthanum fluoride. 

(4) Experiments in Alkaline Media.—It seemed desirable to confirm the absence of soluble 
alkali salts of a protoactinium anion and to determine which complex protoactinium anions are 
stable in solutions of high pH. It was shown that protoactinium, under a variety of conditions, 
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is insoluble in the alkali hydroxides and ammonium hydroxide. It is also not rendered soluble 
by sodium peroxide. Likewise, it does not appear to produce a soluble complex cyanide which 
is stable in alkaline solutions. Evidence of soluble complex carbonates, citrates, and tartrates 
which are stable in alkaline solution was, however, obtained. The formation of a soluble complex 
ammonium carbonate stable up to pH 10 is in surprising contradiction with other investigators 
(Graue and Kading, Angew. Chem., 1934, 47, 652). 

(5) Organic Complexes——The formation of selective organic complexes which can be 
extracted from aqueous solution by organic solvents would greatly facilitate the separation of 
protoactinium. Complexes were obtained with cupferron, acetylacetone, and 8-hydroxy- 
quinoline (oxine) which could be extracted from aqueous solutions by amyl acetate and other 
solvents. The stability of the “ cupferronate ’’ in strongly acid solutions established its value 
as a separation procedure (see this vol., p. S 253). 

Conclusions.—No examples of isomorphous inclusion of protoactinium were discovered. 
In some cases, as, ¢.g., the carrying of protoactinium on tantalic acid, the removal of the radio 
element closely follows its hydrolysis in solutions of the same acidity, and it is possible that the 
coprecipitation is entirely due to the physical affinity of the products of hydrolysis for the 
surface of tantalic acid precipitates. It is probable that other coprecipitation experiments 
previously recorded involve the hydrolysis of the protoactinium. However, in a number of the 
experiments described, the conditions of precipitation were such that the protoactinium, on the 
evidence of the centrifugation experiments, should not have hydrolysed to any appreciable 
extent. It seems likely, therefore, that in these instances the precipitation of the protoactinium 
was due to the low solubility of the compound adsorbed. For example, protoactinium probably 
forms a phosphate which is less soluble in mineral acids than zirconium phosphate. Thus, in 
comparing the tracer chemistry of protoactinium with that of other elements, less emphasis 
should be given to the evidence of coprecipitation reactions, whose mechanisms are not fully 
known, than to solubility data and the formation and stability of its complex ions. Therefore 
only very limited conclusions as to the chemical nature of protoactinium can be drawn from the 
experiments described. It would appear that the charge on the protoactinium cation is large 
from its ready hydrolysis and the stability of the “‘ cupferronate”’ in mineral acids. No 
evidence of multivalency has been obtained, but states which are unstable in aqueous solution 
(Haissinsky and Bouissiéres, Compt. rend., 1948, 226, 573) are difficult to detect at tracer 
concentrations. 

The above reservations being borne in mind, the foregoing table would suggest that 
protoactinium bears the most pronounced similarity to zirconium but that much of the evidence 
consists only of similarities in solubilities. There is little direct evidence of chemical similarity 
between protoactinium and tantalum under tracer conditions, although the principal macroscopic 
work on protoactinium (von Grosse, Proc. Roy. Soc., 1935, A, 150, 363) has established the 
existence of the analogous compounds Ta,O,, Pa,O,;; K,TaF,, K,PaF,. 

The nature of protoactinium is such as to render the interpretation of tracer experiments 
very uncertain, and an extended investigation with macroscopic concentrations of the element 
is being prepared. 

EXPERIMENTAL. 


Experiments were conducted on both the f-active **Pa and the natural a-active **Pa. The 
separation of these materials is described in the following paper. The activity of B-active materials 
was measured by particulate counting with a Geiger—Miiller counter and electronic scaling unit, and the 
activity of a-active samples by means of an air-filled ionisation chamber and a linear amplifier. 
Corrections for self-absorption and coincidence losses were made where appropriate. 

(1) Centrifugation Experiments——The experiments were conducted in 50-ml. plastic centrifuge 
tubes, and measurements of the decrease in activity of the protoactinium containing solution made. 
Preliminary experiments showed that the activity reached a steady value after about 30 minutes. The 
results tabulated were obtained by spinning each solution for 2 hours. A few experiments in the more 
acid solutions were continued for longer periods, up to 2 days, with no appreciable change. 

The first series of experiments was made with **Pa in buffered sodium acetate solutions from 
pH 1-6 to 9-0. The results were erratic, possibly owing to peptisation and sol formation in this pH 
range : 


Batch no. ............ Se et ee ee oe ee ee ee OTe eye 
ED. ccoccccscocccevescoss 9-0 5:35 45 42 42 3-6 3-5 3-1 3-1 29 23 2:1 2-1 18 16 1-6 
Of Pa, % <0. 92 90 51 67 72 59 55 44 65 49 45 35 59 61 47 48 


ae irregular results were obtained in ammonium nitrate and nitric acid solutions between pH 0-65 
and 1-0: 


dcesessscesocescoscsssosenecoesooscoes 1-0 1-0 1-0 0-75 0-65 
OE Pay & scccsccsccssvecsssccscveses 11 22 60 30 45 
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However, in more acid solutions the results were reproducible and the losses considerably smaller : 








Nitric acid. Hydrochloric acid. 
NIE 0 nccnsiscentenscate “10 3-0 6-0 0-5 1-0 3-0 6-0 
FD OE BOs Maj vcrsvecesececcce 24 8 2 45 36 15 0 
Solutions in citric acid and ammonium fluoride were stable at all pH values. 
CRO BOE. Sicciesescce 0-5m. 0-5m. + aq.NH, SORE insnresicapasinecas 0-5m. 0-5m. + aq.NH, 
to pH 4-0 to pH 9-0 
Less of Pa, %-.+...... 0 0 Loss of Pa, % ...... 0 2 


The possibility of the reduction of protoactinium to a presumably less readily hydrolysed state was 
examined by heating a solution with hydrazine hydrochloride, cooling it, and determining the hydrolysis 
at different pH values: pH 0-55, loss 41%; pH 1-0, loss 40%. The results are not significantly 
different from the untreated solution. 

(2) Electrolytic Transport.—The apparatus consisted of two sintered-glass micro-filters, about 1 cm. 
in diameter, fitted to a reservoir of about 15-ml. capacity. The reservoir and stems of the filters ~ Aes 
the sintered plates were filled with the protoactinium solution. The upper parts of the funnels, which 
served as the electrode compartments, each of about 2-ml. capacity, were filled with a protoactinium- 
free solution of the same electrolyte as that contained in the reservoir. The electrodes were strips of 
platinum foil. The solution level in the electrode compartments was maintained by capillary siphons 
dipping into a reservoir of inactive solution. About 20% of the cell current was shunted through the 
siphons. 

Measurements of the activity of the solutions in the electrode compartments were made after 
et first in one direction (A) and then the other (B), thus ensuring that the effects observed were 
really due to electrolytic transfer. In the case of the citric acid solution, normal diffusion effects were 
estimated by an experiment run without electrolysis. The possibility of the deposition of protoactinium 
on the electrodes masking the results was eliminated by treating the electrodes with hot ammonium 
fluoride solution after the electrolysis and showing the washings to contain less than 2% of the 
protoactinium in the electrode com ent. The current was in each case about 10 ma. and the 
time of electrolysis about 12 hours. e applied potential varied from 12 volts in the case of hydrochloric 
acid to 90 volts in the citric acid solution. 


Electrolytic transport in protoactinium solutions. 
**Pa (c./min./ml.). 





Bulk of Anode Cathode Sign of 

Solution. solution. solution. solution. Pa ion. 
6n-Hydrochloric acid : Ricwistecmbanbedininnbcs 2,000 25 105 he 
ascivecontinseddianddastein —_— 45 145 + 
0-5mM-Ammonium fluoride : A .........ccccceeseeeeees 8,400 350 No count —_ 
BP wariacitinddasdeaaniaite aa 450 No count — 
0-5m-Citric acid : Biiisitarsciscteiots 20,000 700 30 -— 
Diitivrctatretalectiunttat — 850 175 — 

Citric acid ..... salpentinusinish qilgiddietneahbiinantimiaaitnian 20,000 25 185 * Blank ” 


(3) Coprecipitation Experiments.—The experiments were conducted in 2-ml. centrifuge tubes, the 
carrier concentrations being about 0-1m. unless otherwise stated. 

(a) Zirconium phosphate. The variation in the ey gem of protoactinium with the fraction 
of a zirconium. ium mixture precipitated by phosphoric acid was investigated by the determination 
of the protoactinium and preted naa swe mixture in the remaining solution by means of their a- 
and f-activity. The initial solution contained the natural a-active *'Pa and a f-active mixture of 
Zr and %*1Hf. (The larger neutron-activation cross-section for ™*Hf production than for **Zr 
production results in nearly half the disintegrations in a ten-days-old irradiated sample of commercial 
zirconium being due to **4Hf.) The experiments were conducted in 3n-nitric acid solution, and the 
amount of zirconium precipitated was controlled by the addition of the phosphoric acid : 


Zirconium phosphate precipitated, %  .......sessseeeeee 7 21 40 70 
Protoactinium carried Gown, % .......sceseseeceeseseeeeee 33 76 91 96 


(b) Zirconium iodate. The same procedure was used, with precipitation with iodic acid from 
3n-nitric acid solutions : 


Zirconium iodate precipitated, % ........ssseeeeeeeeeeees 22 54 95 
Protoactinium carried down, % .........ssececeeseeeeeees 75 91 99 
(c) Zirconium phenylarsonate. By the same procedure, ge) i sm being with ammonium phenyl- 
arsonate solution from 5Nn-hydrochloric acid in the presence of lanthanum : 
Zirconium phenylarsonate precipitated, % ...........- 25 46 
Protoactinium carried down, % .........++. snbbibddbsecece 75 99 
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(ad) Thorium iodate. Similar procedure, using **Pa in 3n-nitric acid solution; precipitation by 
controlled addition of iodic acid : 
Thorium iodate precipitated, %  ..........sesecesereererers 5-6 19 36 
Protoactinium carried Gown, %  .......sssescecseesceneeves 51 90 98 


(e) Tantalic acid. Similar procedure, using **Pa and f-active %*Ta; precipitation made from 
oe complex by 6n-hydrochloric acid at 80°, and precipitate centrifuged off and examined at 
intervals : 


Ratio of B/a« activity in precipitate ................e.see00 4-2 2-0 3-3 
Tantalum precipitated, Y ......cccrccccccccccsccccccccccccene 47 65 81 


The effect of the hydrochloric acid concentration on the coprecipitation efficiency with and without 
zirconium was determined by agitation of equal aliquots of a freshly prepared slurry of tantalic acid for 
90 minutes at 80° with solutions of ***Pa in various normalities of hydrochloric acid : 








In absence of zirconium. In presence of zirconium. 
Acid concentrations, NM. .....0....cescecseseoses “0-5 2-0 6-0 0-5 2-0 6-0 
Protoactinium carried down, % .........++ 100 50 10 35 20 5 


(f) Lanthanum fluoride. The variation in the proportion of **Pa coprecipitated on lanthanum 
fluoride with the volume of lanthanum chloride solution (20 mg. of La per ml.) added to the 4n-hydro- 
fluoric acid solution containing the ***Pa was measured : 


Vol. of lanthanum solution, ml. ..........:.seseseseeeeeees 0-02 0-05 0-1 
Protoactinium carried GOWN, %  .......cssseeeeeeererececes 14 57 100 


When the hydrofluoric acid was added to a mixture of the protoactinium in hydrochloric acid with 
0-05 ml. of the lanthanum solution, the precentage of protoactinium carried down fell to 31%. 

In the presence of zirconium salts the amount coprecipitated was reduced to about 10%. Treatment 
of a zirconium-containing protoactinium solution with sulphur dioxide, hydrazine hydrochloride, and 
zinc amalgam for periods up to 48 hours in either hot or cold solutions and in an atmosphere of hydrogen 
produced no detectable difference in their behaviour with lanthanum fluoride precipitates. 

(4) Experiments in Alkaline Media.—(a) ***Pa was added to a mixture of vanadyl and lanthanum 
chlorides, and the mixture precipitated with sodium hydroxide. After centrifugation the activity of 
the supernatant liquid showed that less than 1% of the initial protoactinium remained in solution. The 

arated precipitate was treated with sodium peroxide and water, wherupon the vanadium went into 
solution. Less than 1% of the activity passed into the solution. The experiment was repeated with 
the same result, aluminium being used in place of vanadium. 

(6) A mixture of ferric and cobalt hydroxides was precipitated by the addition of the minimal amount 
of ammonium hydroxide to a mixture of these salts in protoactinium solution. The activity of the 
supernatant solution showed that it contained less than 1% of the initial activity. Dissolution of the 
cobalt in excess of concentrated ammonium hydroxide removed less than 1% of the activity from the 
precipitate. 

(c) A mixture of zirconium and lanthanum chlorides in a **Pa solution was precipitated by the 
addition of dilute ammonium carbonate solution. Activity measurements on the supernatant solution 
showed that less than 2% of protoactinium remained in solution. Leaching the precipitate with hot 
ammonium carbonate solution removed 75% of the activity from the precipitate. In the absence of 
the zirconium 50% of the protoactinium passed into solution and a similar quantity was removed from 
a calcium carbonate precipitate. Hot ammonium carbonate solution also removed 20% of the activity 
from a protoactinium-carrying ferric hydroxide precipitate. 

(dz) About 10 mg. each of ferric and lanthanum chlorides were dissolved in a ***Pa solution and 
pes sa by the addition of aqueous potassium cyanide. Less than 1% of *%Pa remained 
in solution. Addition of excess of potassium cyanide dissolved the ferric cyanide but less than 1% of 
the activity passed into solution. 

(5) Organic Complexes—{a) Cupferron. Preliminary experiments showed that the addition of 
cupferron (ammonium nitrosophenylhydroxylamine) to a **Pa solution produced a complex that 
could be extracted from the aqueous solution by organic solvents such as benzene, ether, chloroform, 
and amyl acetate. In the last solvent the ratio of the activity of the organic to that of the aqueous 
phase exceeded 10 for ***Pa solutions between pH 1-0 and 4n. in mineral acids. 

(b) Acetylacetone. 0-5 Ml. of the reagent was dissolved in 1 ml. of benzene and shaken with 1 ml. 
of the ***Pa solution : 


Nature and concn. of 

solution. CH,’CO,H, n. Satd. NaOAc. Satd. (NH,),CO,. NaOH, 2n. 

Activity of organic phase 

Activity of aqueous phase 

(c) Oxine. 1 Mg. of oxine in 8n-acetic acid was added to 1 ml. of the ***Pa solution and the mixture 

shaken with 1 ml. of amyl acetate : 
Nature and concn. of 
solution. CH,’CO,H, 4n. Satd. NaOAc. Satd. (NH,),CO,. 
Activity of organic phase 





<0-01 0-65 <0-01 <0-01 





<0-01 <0-02 2-1 


Activity of aqueous phase 


No extraction into amyl acetate could be obtained with 1-nitroso-2-naphthol or 2-nitroso-l-naphthol 
from acetic acid, sodium acetate, or ammonium carbonate solutions of protoactinium. 
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S53. The Separation of Protoactinium. 
By A. G. Mappock and G. L. MILEs. 


A method of separation of protoactinium based on its absorption on manganese dioxide 
precipitates followed by solvent extraction of the ‘‘ cupferron ’’ complex is described. 


CONCENTRATES of natural protoactinium (*'Pa) usually contain the other naturally radio- 
active substances, in particular, ionium and polonium, together with tantalum, niobium, 
zirconium, titanium, and silica derived from the original ore. The principal separation 
procedures described are the original method of Hahn and Meitner (Physikal. Z., 1918, 19, 208), 
the more recent process due to von Grosse (Nature, 1927, 120, 621), and variants of these 
schemes. The former depends on co-deposition of the protoactinium with tantalic acid, and 
the latter on zirconium phosphate. Recently, Thompson has published a new method (U.S.A.E.C. 
Declassified Document AECD-1897, April 15th, 1948) depending on the adsorption of the 
protoactinium on manganese dioxide precipitates, a phenomenon first reported by von Grosse 
and Agruss (J. Amer. Chem. Soc., 1935, 57, 438), followed by separation from the manganese 
by ion exchange of the complex protoactinium fluoride anion on an anion-exchange resin. 
Thompson (loc. cit.) mentions the solvent extraction of protoactinium from chloride and nitrate 
solutions, but details, including the identity of the solvents used, are omitted. 

Tracer experiments on the chemistry of protoactinium (see preceding paper) proved that 
losses of material by adsorption can only be avoided if all the stages of a separation are conducted 
in strongly acid solution or by means of the soluble complex fluorides, citrates, or tartrates. 
The experience of other investigators suggests that the later stages of the isolation of proto- 
actinium will be facilitated if zirconium and titanium carriers are avoided. Finally, methods 
of separation which are not essentially dependent on the total concentration, such as solvent 
extraction and other partition processes, are most reliable. 

The method of separation described avoids the use of zirconium or tantalum as carrier and 
ensures that all aqueous protoactinium solutions are at least 3N. in mineral acid. The procedure 
consists in dissolution of the material and production of a fluoride-free solution, adsorption of 
the protoactinium on a manganese dioxide precipitate formed im situ in three successive 
portions by warming the solution after the addition of solutions of potassium permanganate 
and a manganous salt, solution of the manganese precipitate, and extraction of protoactinium 
“‘ cupferronate ’’ by amyl acetate, destruction of the ‘‘ cupferronate,’’ and a repetition of the 
separation cycle. All the aqueous solutions used were 3N. in hydrochloric, sulphuric, or nitric 
acid. 

For complete recovery of the protoactinium from a mineral concentrate, it is necessary to 
bring the whole of the material into solution by a combination of bisulphate and alkali 
carbonate fusions. The tenacious adsorption of protoactinium on the smallest silica precipitates, 
and its anomalous behaviour in the presence of soluble silica, make it obligatory to drive 
off the silicon as tetrafluoride by treatment with excess of hydrofluoric acid. Since neither the 
manganese dioxide adsorption nor the cupferronate extraction can be carried out in the presence 
of fluoride ions, the mixture must then be converted into sulphates or perchlorates by the 
appropriate acids. Alternatively, the fluorides may be dissolved in boric and nitric acids, 
and the protoactinium may then be co-deposited with ferric hydroxide by addition of iron and 
ammonium hydroxide (Newton, Physical Rev., 1949, 75, 23). The separation of an undesired 
precipitate or of insoluble materials at any stage almost always leads to loss of protoactinium 
by adsorption, and each such insoluble fraction needs separate solution and treatment. Even 
in the acidic solutions used, some adsorption on to the walls of containing vessels occurred, 
but recovery by treatment with hot 1m-citric acid solution can be made. 
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The manganese dioxide stage was found to be very efficient with respect to protoactinium 
recovery and insensitive to fluctuations in the conditions, but it may not be used in the presence 
of citric acid, chlorides, or fluorides. This stage effects separation of the protoactinium from 
most of its macroscopic contaminants; separation from thorium is fairly good and from 
zirconium and hafnium quite appreciable. Little or no separation from polonium is achieved. 

The manganese dioxide precipitate may be dissolved in 3N-mineral acid in the presence of 
hydrogen peroxide or sodium nitrite. The latter is preferred since the peroxide occasionally 
gives rise to insoluble precipitates in the presence of thorium, and the precipitate adsorbs a large 
percentage of the protoactinium. 

In the presence of a reducing agent, such as sulphurous acid, it was found that amyl acetate 
extraction of the cupferron complex of protoactinium from a 3N-mineral acid solution separates 
the protoactinium from most elements except zirconium, hafnium, titanium, and polonium. 
The extraction coefficient is about 30-.under these conditions. Solvent extraction of the 
complex increases the selectivity of this reagent, since elements that form insoluble 
cupferronates in aqueous solution under similar conditions are not always noticeably extracted 
(see, e.g., Furman et al., U.S.A.E.C. Declassified Documents MDDC-1619, 1620, 1623). In 
the case of thorium and tantalum it appears that this is because the reduction in the cupferron 
concentration in the aqueous layer taking place on shaking with the solvent allows the less 
stable cupferronates to dissociate and prevents any considerable extraction of the complex. 
Thus an aqueous suspension of thorium cupferronate is partly converted into thorium hydroxide 
by shaking with amyl acetate. 

The protoactinium cupferronate can be extracted from citric acid solutions, but not in the 
presence of fluoride ions. The ready oxidation of both cupferron and the protoactinium 
complex requires the stabilisation of the cupferron reagent by the addition of a little quinol. 

The protoactinium can be recovered from the organic phase by washing with ammonium 
fluoride solution or by thermal destruction of the complex at 100° and extraction of the 
protoactinium by an aqueous mineral acid or 1m-citric acid solution. 

This method of separation has been applied to the isolation of tracer ** Pa from irradiated 
thorium carbonate and of “Pa from an ore concentrate. In the latter case the polonium was 
separated first by deposition on silver foil, and the last traces removed by ignition of the product. 

The identity and radiochemical purity of the *4Pa was established by comparing its 
coprecipitation behaviour with the **Pa. It was found that mixtures of **Pa and ™'Pa in 
3n-mineral acids appeared to take some time to reach isotopic equilibrium at room temperature. 


EXPERIMENTAL. 


(All experiments were carried out using ***Pa unless otherwise stated.) 


Preliminary experiments showed that more than 90% of the protoactinium in a solution could be 
carried down by the addition of a pre-formed lead or manganese dioxide precipitate, but that a 
considerably better efficiency was attained by precipitation of the manganese im situ. The most 
convenient method was to add an excess of manganous sulphate solution to the protoactinium-bearing 
solution and to determine the amount of manganese dioxide precipitated by the amount of potassium 
permanganate solution subsequently added. The manganese dioxide was precipitated by- heating the 
solution to 80° for 20 minutes on a water-bath. The efficiency of separation was not noticeably 
dependent on the concentration of the manganese solutions used or on the excess of manganous salt 
present. It was, however, improved by agitation of the solution while heating. Increased time of 
contact of the precipitate and the solution occasionally decreased the efficiency of co-deposition. The 
quantity of carrier precipitated is not critical : 


Mass of MnO, precipitated, mg./ml. ...........0.s00++ 1 3 4 5 
Pa, %, carried down from 3N-HNO,  ............000005 92 97 97-5 98 


Since the separation can be r ted after solution of the oxide in the minimum volume of acid, a smaller 
quantity of carrier being nen ig the process effects a very rapid concentration of protoactinium. 

The co-deposition is most effective and selective in strongly acidic solutions. The following results 
were obtained by precipitating 5 mg./ml. of manganese dioxide in the manner described above : 


= ececccescecccssocecceoss 1-85 1-75 1-66 1-34 0-6 ln-HNO, 3n-solns. 
‘a, %, carried down 86 82 92-5 97 98 98 96-5 


The relevant elements accompanying the protoactinium on the manganese dioxide were found to be 
thorium, bismuth, zirconium, and polonium. The percentages of these elements removed from solution, 
when present at a concentration of 0-05m. in 3n-nitric acid, by the manganese dioxide precipitate was 
determined by precipitating 5 mg./ml. of carrier under the conditions described : (a) Thorium; ionium 
was used as tracer for the thorium, 2 + $% carried down. (b) Bismuth; radium-E was used as tracer, 
13% carried down. (c) Polonium; radium-F was used as tracer, at tracer concentration only, the 
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manganese dioxide effects quantitative removal of polonium at 3n. in nitric acid and 80% in 6n. nitric 
acid. (d@) Zirconium (hafnium), using the zirconium-hafnium tracer (**Zr + 1*4Hf) described in the 
preceding paper, 15% carried down. 

The solvent extraction of protoactinium cupferronate from strongly acidic solutions, recorded in 
the previous paper, appeared suitable for the separation of the protoactinium from the manganese. 

ly experiments in which the protoactinium in each phase was determined before and after 

extraction revealed serious losses of protoactinium; further, on storage, the organic solution of the 
complex steadily lost activity. The protoactinium was found to be adsorbing on to the walls of the 
containing vessel from the organic phase. The fresh cupferron extract was unaffected by Im-citric 
acid solution, but after storage, citric acid removed a fraction of the protoactinium depending on the 
time elapsed since extraction. Thus it appeared that the adsorption followed decomposition of the 
cupferronate. Since cupferron is very su tible to oxidation, this seemed a possible explanation of the 
observations. The hypothesis was tested by ey oy the stability of extracts of the cupferronate 
prepared with and without the addition of quinol by ane the amount of activity removed by 
equal portions of 1m-citric acid solutions at various times after the extraction. The extracts made in 
the presence of quinol were found to be stable for 24 hours, losing none of their activity when washed 
with Im-citiric acid after one day had elapsed since extraction. In the absence of quinol, 66% of the 
activity was removed by an equal volume of lm-citric acid 2 hours after preparation of the extract. 
In addition, it was shown that short periods of aeration of the organic p rapidly destroyed the 
complex. Subsequent experiments were conducted with a saturated aqueous solution of cupferron 
stabilised by the addition of quinol and stored in a dark bottle. Fresh preparations from pure cupferron 
were made every few days. 

The suitability of various solvents was assessed by measuring the percentage of protoactinium 
extracted by equal volumes of the different solvents from equal aliquots of 3n-nitric acid 
solution containing protoactinium and cupferron : 


Amyl acetate .........cccccscccosocccees 98 BRUM Siccdeccsessessacdentscsetesecenaccs 96 
SIE Zisncoves sssvcrveanipankarnse 92 Methyl isobutyl ketone ............ 98 
TORI Foes cscs ocdc eco scccsscececseses 77 Nitromethane..............0.sscssccsees 98 


The last two solvents were rejected in view of their strong solvent properties for a variety of inorganic 
salts. Amyl acetate was chosen from the remainder because of its technical convenience. 

The essentially complete extraction was not markedly affected by the amount of cupferron used, 
except that larger amounts are less readily oxidised. A concentration of 2 mg./ml. of cupferron was 
adopted in these experiments. 

The effect of the pH of the aqueous solution on the extraction was investigated, ammonium acetate— 
acetic acid and ammonium chloride-hydrochloric acid being used at various pH values and various 
normalities of hydrochloric acid containing protoactinium. Each extraction was made by shaking 
1 vol. of amyl acetate with 1 vol. of the protoactinium solution and 0-1 vol. of the cupferron solution, 
and the percentage of protoactinium passing into the solvent layer determined : 








Acetate solutions. Chloride solutions. 
atl acc caigiietagiiMdehslaniedbcod “63 35 16 14 S2 29 18 15 O08 O7 0-25 
Pa extracted, % ......--..00+++ ss 87 2 92 7 7 87 «= 8 98 97 
Hydrochloric acid. , 
SN ..:<-siiiadsianctbentecdins 1-2 2-3 3-5 
Pa ertrnsted, Gee. .cccccscssoccscosese 88 94-5 97-5 


The extraction was not noticeably influenced by small changes in temperature, and equilibrium between 
the two phases was reached quickly. 

No attempt was made to determine partition coefficients accurately. Typical values obtained in 
different experiments with a 3n-hydrochloric acid solution containing protoactinium and cupferron and 
amyl acetate as solvent were 22, 32, 28, 18, 32,40. The average of a larger number of extractions from 
3N-acid was 32. Repetition of the extraction on the aqueous layer after separation and addition of 
more cupferron gave the same partition coefficient; 38 and 32; 32 and 28. 

The dissociation of the citrate, oxalate, tartrate, and fluoride complexes was compared with that of 
the cupferronate by determining the percentage of protoactinium extracted as cupferronate from 0-5m- 
solutions of these anions by an equal volume of amyl acetate : 


Oxalic Tartaric Citric Ammonium 
acid. acid. acid. fluoride. 
Activity of amyl acetate ...........csceeeeeee 255 455 510 0 
Activity of aqueous layer ............ssesse00 165 0 0 460 


The extraction of the complex from 3n-acid given a good separation from all uni- and bi-valent cations. 
Under these conditions the amount of lead extracted by an equal volume of amyl acetate from 0-1m-lead 
nitrate solution containing cupferron could not be detected by the colour with dithizone; neither could 
the amount of manganese extracted from 0-l1m-manganous sulphate be detected by its colour on 
oxidation to permanganate. 

The extraction of thorium and bismuth as a function of the pH or normality of the aqueous phase 
was investigated by means of uranium-X and radium-E as tracers, respectively : 





Composition of solution. NH,OAc-HOAc. NH,CI-HC1. HCl. 
H (or normality) of aqueous phase ... 5-8 3-2 1-3 0-7 0-6 0-4 3 
-X, %, im organic phase.............s0+0+ 37 69 26 1-6 1-2 1-1 
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Ammonium chloride was added so that the first two series of experiments were conducted in solutions 
of roughly the same ionic strength : 


Hydrochloric acid solutions. 


Normality of solution ...........sscseeeeeeees O01 0-3 1-5 3 
RarE extracted, %. . csccosecssercccscciescetos 50* 55* 0-3 <0-01 


* Some loss by hydrolysis took place. 





™“ 


Amyl acetate was found to decompose the insoluble tantalum cupferronate. 1**Ta being used as 
tracer, the amount extracted by an equal volume of amyl acetate from a solution of the tartrate complex 
of tantalum, to which cupferron and nitric acid to 3n. had been added, was less than 1%. 

Zirconium (hafnium) and polonium were shown to give rise to cupferronates which were nearly as 
readily extracted as the protoactinium complex. The partition coefficients, determined by means of 
*5Zr + 181Hf and Ra-F as tracers, were about 10 in each case for extraction from aqueous solutions 
between 0-1n. and 3n. in acid. 

Interference by iron, tin, uranium, and vanadium was avoided by oxidation or reduction to states 
giving cations with the minimum charge. 

A combination of these two separation stages provided a satisfactory process for the isolation of 
carrier-free ***Pa from irradiated thorium “ carbonate ”’ (acid-soluble product of the precipitation of 
thorium nitrate by ammonium carbonate solutions). For instance, on applying the method to 5 ml. 
of a solution containing 6050 a-counts/minute due to thorium and 23,000 B-counts/minute due to ***Pa, 
10 mg. of manganese dioxide precipitated in two stages, without separation of the first half of the 
precipitate from the solution, contained 170 a-counts/minute and 22,400 f-counts/minute. After 
extraction of the cupferron complex the amyl acetate contained less than 10 a-counts/minute and 
21,000 B-counts/minute. A lenient ilar separation on a larger scale with duplication of each stage and 
repetition of the separation on the residues gave a 95% yield of ***Pa and a reduction to 10~§ in thorium 
content. 

A similar procedure, but involving greater repetition of the separations, was successfully applied to 
the isolation of 2 x 10° a-disintegrations/minute of ***Pa from a concentrate on thorium oxalate 
containing 40 «-counts/minute/mg. **4Pa with 3200 «-counts/minute/mg. due to thorium isotopes and 
500 yor or er gram due to radium and its decay products. The chemical identity of the product 
was established by its a on zirconium phosphate, iodate, and phenylarsonate and on 
manganese dioxide. Its freedom from polonium was established by showing that its a-activity was 
not reduced by ignition to 800°. Finally, a mixture of solutions of the ***Pa and **!Pa in 3n-nitric acid 
was prepared, and the ratio of B/a activity determined. (The **4Pa solution used contained a few 
mg./ml. of zirconium carrier.) Various precipitations were carried out, and the ratio of B/a activity of 
the precipitates measured. Preliminary experiments revealed little connection between the two ratios. 
However, when the experiments were repeated with a mixture in 6n-nitric acid that had been heated to 
100° for 4 hours before the precipitations, the B/« activity ratios in-the solution and precipitates became 
equal : 


B/a Ratioof  £B/« Ratio of 


Nature of precipitate. solution. precipitate. 
ZPCOMIMM GRABS 0.00002. cccccccseccccccesescsceveces 1-06 1-11 : 
Zirconium phenylarsonate  ...........ssseeseseeees 0-77 0-78 
Manganese dioxide...........cccccccccccsccccsscsesees 0-77 0-74 
Zirconium phosphate............cccececceeeeseeeseees 1-06 1-20 


It would appear that, under these conditions, isotopic equilibrium is but slowly established. 


RADIOCHEMICAL LABORATORY, 
UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. 


Atomic ENERGY RESEARCH ESTABLISHMENT, 
HarRwWELL, Dipcor, BERKs. [Read, March 28th, 1949.] 





S54. A New Valency of Protoactinium. 
By G. Bouissizres and M. HalssInsky. 


The reduction of protoactinium salts by means of zinc amalgam is described, and experiments 
on the product suggest that it is in the quadrivalent state. 


WE have already shown (Compt. rend., 1948, 226, 573) that protoactinium, after reduction 
of its chloride with zinc amalgam, gives on treatment with hydrogen fluoride an insoluble 
fluoride. The experiments were carried out on tracer scale in the presence of a lanthanum 
salt used as carrier. We have now confirmed this result on weighable quantities of proto- 
actinium and have established more exactly the conditions of the reduction. Furthermore, we 
have examined the behaviour of the reduced state towards certain reagents. 
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The reduction apparatus used consists of two superposed parts A and B (see figure). In 
most experiments the solution to be reduced is brought into contact with the amalgam in 
column A, and after reduction is allowed to flow into the “‘ Plexiglass’ funnel B containing the 
precipitating reagent. In other cases, the solution is with the amalgam in B and the reagent 
in A in order that the precipitation may be made in the presence of the reducing agent. When 
the reduction is carried out by a soluble agent, the latter is previously prepared on the amalgam 
in A and is later introduced into B which contains protoactinium in hydrofluoric acid solution. 
The operations are always carried out in an atmosphere of hydrogen. 






funne/ 





Paratfinned 
test-tube 


We have thus found that reduction by the amalgam can be achieved either in hydrochloric 
or in sulphuric and even in hydrofluoric acid solution. In the last case the protoactinium is 
precipitated while it is being reduced. With amounts of protoactinium of the order of 
0-1—2 mg. mixed with 10 or 20 mg. of zirconium or tantalum and with a comparable quantity 
of a lanthanum salt, we obtained yields of 80% or more, after 3 or 5 hours’ reaction of the 
amalgam. We obtained about the same yield (75%) with 10 mg. of protoactinium mixed with 
180 mg. of zirconium, tantalum, and titanium salts, but free from carrier for the insoluble 
fluoride formed. The fluorides of the three inactive elements, including that of Ti(III) formed 
during the reduction, remain in solution and are thus separated from the protoactinium. 

We have observed a reduction with a yield of better than 50% using chromous chloride 
solution as reducing agent. It seems that even titanous chloride, freshly prepared, reduces the 
protoactinium, but only slowly. Im any case, the presence of titanium salts is not an 
inconvenience for the reduction of protoactinium by zinc amalgam. 

The precipitated fluoride may be washed, without re-oxidation, by oxygen-free water (the 
oxygen being previously eliminated by bubbling hydrogen for a sufficiently long time). It is 
quickly dissolved by a dilute solution of hydrofluoric acid if left in air, at least if the amount is 
only a fraction of a milligram. 

For the reduced state one could presume ter- or quadri-valency, or even both. The 
insolubility of the fluoride does not give any information on this point, since the fluorides of all 
the elements of the seventh period corresponding to these two valencies are insoluble. On the 
other hand, there is a marked difference in the behaviour of the carbonates and the hypo- 
phosphates in the two oxidation states; the salts of thorium, zirconium, and U(IV) are soluble 
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in an excess of ammonium carbonate and those of the rare earths and of actinium are not, if 
the solution is not too concentrated in carbonate. In an acid medium (N-hydrochloric or 
-sulphuric acid) salts of the former group are precipitated by hypophosphates while those of the 
rare earths and probably those of actinium remain in solution. 

We have examined the action of the two reagents on solutions of protoactinium reduced to 
an extent of 80%, as has been verified by the precipitation of an aliquot part with hydrofluoric 
acid. The amount of protoactinium varied between 0-4 and 1-4 mg. in 10 c.c. containing 
zirconium and lanthanum as carriers of the two valencies. These experiments indicate that 
practically the whole of the reduced protoactinium follows zirconium, i.e., it passes through 
in the carbonate filtrate and is retained by the hypophosphate precipitate. It seems then 
that the reduced state corresponds to the quadrivalency. This conclusion requires further 
confirmation, since, on the one hand, co-precipitation reactions alone are not always conclusive 
criteria and, on the other hand, it is not safe to draw conclusions about the chemical character 
of an element merely from analogy. 

Whatever the new valency may be, the insolubility of the corresponding fluoride has already 
considerably furthered the enrichment and the purification of natural protoactinium. Indeed, 
the most troublesome elements in these operations are tantalum, zirconium, and titanium, 
whose fluorides are easily soluble. 


INstITuUT pu Rapium, Paris. (Read, March 28th, 1949.] 





S55. The Solvent Extraction of Protoactinium.* By A. G. Mappock and L. H. Srein. 


R. C. THompson (U.S. Atomic Energy Commission Declassified Documents MDDC-1770, January 
1948, and MDDC-1897, February 1948) has recorded the extraction of protoactinium from aqueous 
chlorides and nitrates by various organic solvents, but no details of the procedure are given nor are the 
solvents used identified. 

Such a method of separation would provide a desirable final stage to the isolation of macroscopic 
amounts of natural protoactinium using the procedure previously described (A. G. Maddock and 
G. L. Miles, this vol., p. S253). Preliminary experiments showed that a variety of solvents gave 
efficient extraction of trace concentrations of protoactinium from strong chloride solutions. 

Approximate extraction coefficients for the protoactinium, present at trace concentrations (these 
experiments were conducted using ***Pa), between the solvent and an approximately 4m-solution of 
aluminium chloride were found to : amyl alcohol 9-0, 2 : 2’-dichlorodiethy] ether 8-0, isobutyl alcohol 
7-0, n-butyl alcohol 7-0, methyl isobutyl ketone 3-7, diethyl ketone 2, methyl n-propyl ketone 2, and 
methyl n-hexyl ketone 2-6. Amyl acetate, ethyl ether, chloroform, methyl ethyl ketone, nitromethane, 
and ethyl-n-hexyl alcohol gave poor extractions. The extraction coefficient for 2 : 2’-dichlorodiethyl 
ether appeared favourable and the greater selectivity of this solvent, subsequéntly discovered, suggested 
its further investigation. The following data refer exclusively to this solvent. 

The extraction coefficient was increased with the normality of the aqueous phase with respect to 
hydrochloric acid. With use of 6m-calcium chloride as the aqueous phase, the following results were 
obtained : 


Concn. of hydrochloric acid solution ............ 2n. 4n. 6N. 
Batraction COeMiciemt  .....cccccccoccocccesccsscesee <0-01 1-2 5-0 


In addition the extraction coefficient increased with the salt concentration in the aqueous phase. Thus, 
when various dilutions of saturated calcium chloride solution, all 6n. in respect of hydrochloric acid 
were used, the following values were determined : 


Dilution by volume .............ee00s 0x 1-33 x 1-5 x 2x 
Extraction coefficient ...........0+. 8 2-3 1-6 0-5 


It appeared probable, too, that the extraction coefficient increased as the activity of the water in the 
solution decreased. Approximately 8m-magnesium chloride solution, 6N. with respect to hydrochloric 
acid, was eventually chosen for the aqueous phase because the preparation of stable solutions was 
easier than with the calcium and aluminium chlorides. 

Moderate concentrations (0-5Nn.) of sulphate, nitrate, perchlorate, tartrate, and citrate ions reduced 
the extraction coefficient but did not render extraction impracticable. Using 6N-hydrochloric acid 
saturated with calcium chloride, and ignoring precipitates formed on addition of the interfering anion, 
added as the acid, we found extraction coefficients as follows : 


Anion (O°5N.)...0.ceceresescecsceeseeees None Sulphate Nitrate Perchlorate Citrate Tartrate 
Extraction coefficient ............... 9 ca. 2 ca. 2 ca. 5 ca. 2 ca. & 


Presence of fluorides, however, reduced the coefficient to a value too low for satisfactory extraction. 
* Contribution to the Discussion of Pea No. S 58, “‘ The Separation of Protoactinium,” by A. G. 


Maddock and G. L. Miles, and No. S “‘A New Valency of Protoactinium,” by G. Bouissiéres and 
M. Haissinsky. 
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The separation from various other elements with 6n-hydrochloric acid, saturated with hydrated 
aluminium chloride at 15° and containing the contaminating element, as the aqueous phase, was 
influenced as follows. (a) Uranyl ions. Approximately 0-2n-uranyl nitrate and chloride were without 
effect on the extraction of protoactinium, and the extraction coefficient for uranium was less than 0-01 
in each case. (b) Manganous ions. Approximately 0-2m-manganous chloride was without effect on 
the extraction of the protoactinium and the amount of enpnqgnene extracted was not detectable by the 
colour developed on oxidation to permanganate. (c) Zirconium. Approximately 0-1m-zirconyl 
chloride was without effect on the extraction of protoactinium and the extraction coefficient for 
zirconium was less than 0-02. Zirconium was determined colorimetrically by alizarin and by using 
tracer zirconium. This separation was repeated in nearly saturated solutions of calcium and magnesium 
chloride in 6Nn-hydrochloric acid. (d) Titanium (studied in magnesium chloride solutions only). 
Quadrivalent titanium, about 0-05m., was without effect on the extraction of protoactinium and was not 
appreciably extracted itself, but tervalent titanium at the same concentration ually reduced the 
extraction coefficient for protoactinium from 9-0 to ca. 1-0 without being noticeably extracted itself. 

When kept for 8 hours or longer, the organic solution of protoactinium complex lost activity 
appreciably by adsorption on the walls of the containing vessel, presumably follo decomposition 
of the complex. The results suggest that solvent extraction of protoactinium by 2 : 2’-dichlorodiethy] 
ether from an aqueous solution, 6n. with respect to hydrochloric acid and saturated with magnesium 
chloride, provides a valuable method of separation of the element from zirconium and titanium as well 
as many other elements. 


One of us (L. H. S.) is indebted to the Elsie Ballot Scholarship Fund of South Africa.—Universiry 
CHEMICAL LABORATORY, CAMBRIDGE. [Read, March 28th, 1949. 





S56. The Emanation Method. 
By Otto Haun, 


(1) Introduction: Peculiarity of the Emanation Method.—In the usual tracer methods, 
radioactive atoms which are easily traceable in minimum concentrations are used as indicators 
for the behaviour of chemical elements which are isotopic with active atoms. These methods 
can be applied to elements which normally are solid substances as well as to gases. It is thus 
possible to study, not only the chemical properties, ¢.g., of silver, phosphorus, or sodium, or of 
their compounds by the respective active isotopes, but also the physical behaviour of gaseous 
elements, such as krypton, xenon, or the emanations of the natural radio-elements. 

The radioactive gaseous elements, however, can be used for other purposes too. If we have 
a chemical compound which contains a radio-element that forms a radioactive gas, we may 
investigate the molecular state of the compound, its inner surface, or its deformations due to 
ageing, to molecular and chemical conversions; we may also follow the processes of reaction in 
the solid state, from the amount of the active gas escaping from the compound. 

The emanations of natural radio-elements, mainly thoron and radon, have been found to be 
particularly suited for such investigations. For this reason the author has called this method 
of investigation the ‘“‘ emanation method,” and many reports on this subject have been published, 
partly by the author and his co-workers, and more recently by other investigators. 

As this work does not appear to be generally known, a brief outline of this method is now 
given. 

Nearly all work has been carried out with the natural radioactive emanations radon and 
thoron—in a few cases with actinon. The method may also be applied to the active rare gases 
krypton and xenon, now accessible, if these arise, ¢.g., in a nuclear process, and if the behaviour 
of the substance in which they arise is to be studied. 

By the emanating power of a substance we mean the amount of the emanation issuing 
from the substance related to the total amount of the emanation developed in the substance. 
All those substances can be examined by the emanation method into which radium, Ra-Th, 
Th-X, or Ac-X can be introduced and in which they can be distributed homogeneously. This 
introduction can be made by various methods, by common crystallisation, when the components 
form mixed crystals; with metal oxide gels by co-precipitation by means of ammonia or alkali; 
with glasses by stirring when molten; with zeolites by exchange of bases; and with metals by 
melting, electrolysis, or simple mixing of the ingredients by melting. 

After the radioactive element has been added by one of the above methods to the inactive 
substance to be tested, the emanation is formed within the mass of the substance. Depending 
on the structure of the substance a greater or smaller portion of it can escape. Practically 
nothing is liberated, ¢e.g., from the interior of a polar inorganic salt: the emanating capacity is 
very small. A great quantity escapes from a metal hydroxide with great inner surfaces: the 
emanating capacity is great. 
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When the structure of the substance is altered, i.e., when there are surface modifications, 
molecular transpositions, or other processes, the escape of emanation is altered which can be 
determined by simple electroscopic methods during the processes and also afterwards. — 

(II) Methods of Measurement.—The earlier researches dealt mainly with the behaviour of 
precipitates with large surfaces and their ageing under various conditions of atmospheric moisture. 
Instead of the emanation itself, the active deposit of the respective emanation was 
advantageously measured, The conditions are particularly simple if it is possible to use the 
y-Tays of the active deposit. For this purpose, however, we need preparations of about 0-1 
millicurie of radium equivalent. The procedure is as follows : 

The substance under investigation is placed in a small glass dish provided with a lid. The 
dish fits into a small cup, which rests on a glass tripod fused into a weighing bottle of such 
dimensions that the preparation is held at the centre of the weighing bottle. The weighing 
glass can be used as a desiccator for obtaining any desired humidity, if one chooses to test the 
influence of different degrees of dryness upon the emanating power (see Fig. 1). 


Fic. 1. 
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Arrangement of the weighing bottle with the substance to be investigated 


When dealing with preparations that develop the short-lived thoron, they must be powdered 
and should not weigh more than 10—20 mg., otherwise, on its way out of the preparation, a 
portion of the emanation escaping will disintegrate inside the layer of material. This 
precaution is not needed in the case of radium emanation, because its relatively long half-life 
gives the radon sufficient time to diffuse out of even rather thick layers of compact material. 

The preparation is allowed to stand so long, either outside the weighing bottle or in a larger 
vessel at a definite humidity, that radioactive equilibrium has been attained within the 
preparation itself between emanation and active deposit. The preparation is then placed in the 
weighing bottle, and the cover is sealed air-tight with sealing wax; immediately thereafter a 
y-measurement is carried out in an electroscope surrounded by lead. This measurement gives 
the activity corresponding to the amount of emanation or of active deposit retained by the 
preparation. The radiations of the mother substances radium, or radio-thorium and the like, 
are not sufficiently penetrating to enter the y-electroscope, and thus are not measured. That 
portion of the emanation in the weighing bottle corresponding to the emanating power now 
escapes and forms the active deposit, which collects on the walls of the vessel. In the case of 
thoron, radioactive equilibrium is established in 3 days; where radon is concerned, however, 
equilibrium is reached only after a month, but it can be computed after a couple of days. A 
measurement is again made, and this measurement includes the activity of the active deposit 
on the walls, as well as the activity of the active deposit in the preparation itself. If the 
activity of the preparation immediately after sealing the vessel is called A, and the activity of 
the preparation proper plus that outside the weighing bottle is called B, then the emanating 
power is 100(B — A)/B %. 
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If we do not have such strong preparations at our disposal, we may also use the 6-rays of the 
active deposit for measurements. Some thousandths of millicurie suffice for that purpose. A 
thin layer of the substance to be investigated is uniformly spread on a flat metal plate, and this is 
placed in a shallow brass capsule and sealed air-tight by means of aluminium foil 150 p. thick ; 
all the «- and the soft B-rays are completely absorbed by this sheet. The first measurement, 
carried out immediately after sealing, gives the activity in the preparation itself; the second 
measurement gives the activity of the preparation and of the active deposit in the interior of 
the capsule. The arrangement of the apparatus for making such measurements is shown by 
Fig. 2. 


Fic. 2. Fie. 3. 
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Arrangement for measuring B-vadiation. 


The use of the active deposit for the investigation of the emanating power is very simple and 
also sufficiently accurate if highly emanating preparations of not too small an activity are 
concerned, the emanating capacity of which is not subject to fast alterations. The difference 
measurements become inexact in the case of weakly emanating substances; we then preferably 
measure the emanation itself instead of its active precipitate. We do not give details of the 
measuring methods which were applied to radon as well as to thoron. 

Fig. 3 represents a simple flow apparatus for thoron. 

The measuring condenser is denoted by a; b indicates the flowmeter (‘‘ Rotameter’’) for 
regulating the velocity of the current of gas; c is a tube of hard glass within which is placed 
the boat d containing the emanating substance to be studied. A cylinder of air or nitrogen 
furnishes a current of gas that passes through a tube of calcium chloride e before it carries 
the thoron into the condenser a, which rests on the electroscope f. If experiments are to be 
made at higher temperatures, then c is surrounded by an electric oven with a resistance 
thermometer. Every change in emanating power can be detected instantly and easily 
determined even during the experiment. In order to obtain absolute values for the emanating 
power the material must be investigated twice, viz., once under the studied conditions and 
then again in a form which furnishes a 100% emanating discharge.* 

(III) Investigation of Surface Areas and Their Changes under Various Conditions.—It was 
readily shown that the hydroxides of iron, thorium, etc., had a very great emanating power, 
particularly when they were precipitated at low temperature. According to their method of 
storage, dry or at different humidities, they show a different behaviour in the course of time, 
i.e., they age more slowly or faster; and this ageing also is a function of the capacity for 
crystallisation of the hydrate. 

In favourable cases ferric hydroxide and thorium hydroxide showed an emanating power 
for thoron of 80% and even 90%. They were especially suited for the production of the active 
deposits on a negatively charged plate. Above all, Th-B (10-6 hours) could thus be obtained 
most easily in an exceedingly thin layer. 


* For iculars of the earlier work on measurements of the emanation power see Otto Hahn, 
sa —_— iochemistry,”’ Cornell Univ. Press, 1936 (London : Humphrey Milford). Improvements 
in the more recent work may be found in some of the papers cited in this paper. 
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By means of the ferric hydroxide which is very rich in inner surface, even radium 
preparations were made which let practically 100% of their radon escape at room temperature. 
The radium preparations were made in such a way that a dissolved radium salt with about 
50—75 times its weight of iron salt was precipitated with ammonia and ammonium carbonate 
or ammonium sulphate. The great capacity of crystallisation of the radium salt cannot be of 
effect owing to the great excess of ferric hydrate (the radium in the hydrate is like the raisins 
in the cake!). 

Fig. 4 shows the behaviour of such dry radium preparations. We see the extremely slow 
ageing. Even after more than 8 years the radium sulphate, incorporated in the ferric hydroxide 
gave off more than 92% of all the radon produced in it (Hahn and Heidenhain, Ber., 1926, 
59, 284). 
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Change, with time, in the emanating power of highly active radium preparations. 
(a) Change in the course of days; (b) change in the course of years. 


The German AUER-Incandescent Light Company formerly constructed a little apparatus, 
called a ‘‘ Radonator ” (for details, see Hahn, ‘‘ Applied Radiochemistry,” Cornell Univ. Press, 
Fig. 61, p. 219), which was used for collecting the radon from such highly emanating preparations 
in a strongly adsorbent charcoal, contained in a thin gold capillary. After the accumulation 
of the radon in the capillary, the latter could be cut into smaller pieces and applied for 
medical purposes. 

Later, Strassmann (Z. physikal. Chem., 1934, B, 26, 362) obtained such high-emanating 
radium preparations in another way. He investigated the emanating capacity of barium 
salts of a large number of monobasic fatty acids and other organic barium salts. The following 
table shows how the emanating capacity rises with increasing chain length up to 100%; this 
holds not only for the long-lived radon but even for the considerably less stable thoron. 


Emanation from barium salts of monobasic fatty acids. 


No. of C Relative sur- 
Salt. atoms. d*. face per g. Emanation, %. 
ROBB B occ cveccicrssscovcccsesesceses 2x 2 2-482 1-00 —_" 
Propionate .........ssseeeeereeees 2x 3 1-993 1-25 17—18 
Butyrate .........c.csccecseseeeeees 2x 4 1-885 1-32 60—65 
isoButyrate — .......scseeeeeseeees 2x 4 1-728 1-44 70 
FROIBOED cscs ccccdcscccsccscsocccse 2x 6 1-594 1-56 96 
Palmitate. .........ccrccsccccceesers 2x 16 1-226 —* 100 


* The preparation of the palmitate had a much smaller crystal diameter, so was not comparable 
with the other salts. 


Bjerge (Nature, 1936, 189, 757) used this behaviour of such long-chain organic salts for 
separating the short-lived “Ne from sodium stearate when the latter was irradiated with 
neutrons, according to the reaction: {{Na(C,,H,,0,) + » ——> Ne (40 sec.) + p. 

The behaviour of colloidal solutions of hydroxides may be quite instructive. Fig. 5 shows 
how very slowly a thorium sol crystallises. A colloidal thorium oxide solution was flocculated 
after various long periods. The emanating power was equally high immediately after the 
flocculation. The sol, however, had obviously started a gradual formation of microcrystalline 
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particles. After the flocculation, these germs of crystal could grow. The emanating capacity 
quickly decreases in the preparations obtained from the old sols (Hahn and Graue, Z. phystkal. 
Chem., Bodensteinfestband, 1931, p. 608). 

Fig. 6 shows the behaviour of two sorts of glass of different sensitivity to humidity, viz., 
Jena glass, the emanating power of which is extremely low and which is very insensitive to any 
sort of ageing, and a pure barium glass. No alteration is found in the case of the Jena glass, 
but quick alteration by absorption of humidity with the barium glass (Hahn and Miiller, G/astech. 
Ber., 1929, 7, 380). 
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The behaviour of salts and oxides can be clearly followed by the emanation method when 
such preparations are gradually heated to a higher temperature. Fig. 7 shows the behaviour 
of barium sulphate during heating (Strassmann, Naturwiss., 1931, 19, 502). Noting first the 
lower, full curve, we see that the very low initial emanating capacity hardly alters during the 
first few hundred degrees. Even at 700° the values are still below 5%. Between 700° and 
800°, however, we see a steep increase of the emanating power which causes an almost 
quantitative discharge of the emanation after a short time. After cooling, the emanating 
capacity is as low as before. When we heat once more, the steep increase again occurs at the 
same temperature. 

Besides this very characteristic full curve, the figure shows a broken curve representing a 
much slower increase of the emanating capacity with rising temperature beginning at a much 
lower temperature. This curve was obtained for a barium sulphate dried at 110°. The steadier 
increase of the emanating capacity occurring at lower temperatures is undoubtedly due to a 
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gradual distillation of adsorbed water. We see that the last particles of water are discharged 
only at rather high temperatures. The water being removed, we shall always obtain the lower 
curve on further heating. The temperature of the steep increase is undoubtedly related to 
the so-called loosening temperature of the respective salt. According to Tammann, this 
loosening temperature is equal to approximately half the absolute melting temperature of the 
substance concerned. According to the curve for barium sulphate, this loosening temperature 
occurs at 770° (in °K.), i.¢., at 0-56 of the melting point (in °K.) of the barium sulphate. There 
certainly is no doubt that this temperature of the steep increase of the emanating discharge 
also indicates the temperature at which these substances in the solid state can react with others, 


and it seems worth while to follow such reactions by means of the very sensitive emanation 
method. ; 
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Loosening of crystal lattice of barium sulphate at high temperatures (°c.). a, Barium sulphate 
containing included water; b, ignited barium sulphate. 


These experiments have recently been taken up by Schréder (Z. Elektrochem., 1948, 52, 166) 
as additional work of a whole series of papers on reactions in the solid state investigated 
according to the emanation method. Some of his results will be dealt with later; here we only 
mention two investigations on the behaviour of SnO, and TiO, when gradually heated above 
“Tammann’s loosening temperature.”” He reports as follows upon the curves he obtained : 

“ As shown in Fig. 8, the curve of stannic acid starts with a short steep increase, runs through 
an EV maximum of about 84% at approximately 140°, and decreases almost rectilinearly 
over a temperature range of almost 700° to the EV minimum of about 10%, rising again at 
920°. The stannic acid thus loses its water at a low temperature, and the resulting oxide 
recrystallises almost continuously with increasing temperature.” 

The curves of the preheated oxides are also shown on a rather larger scale concerning the 
emanating power in the two higher curves (see right-hand ordinates). The temperature of 
the Tammann loosening temperature proves to be about 880° c. = 0-52 of the absolute melting 
point of the stannic oxide. 

The EV change of titanic acid (Fig. 9) shows quite a different thermal behaviour. Its 
curve rises as far as 500°, and then drops very steeply and runs through a minimum of about 
2% at 800°. On continuous heating titanic acid decomposes more slowly than stannic acid; 
titanic oxide, however, recrystallises more quickly and more thoroughly than stannic oxide. 
It must still be determined by experiment whether the monotropic change of the initially 
formed anatase into the stable rutile takes a causal part in the great EV increase of the titanic 
acid as far as 500°. 

Here, too, the emanation method for the pre-heated preparations is represented on an 
enlarged scale on the right-hand side of the ordinate. We see that 20 hours’ heating to 1050° 
compared with the 10 hours’ heating results in a small further decrease of the emanating power. 
The loosening temperature is at about 800° = 0-52 of the absolute melting point. 

(IV) Physical Transformations.—The preceding paragraph showed a few examples from 
which the so-called “‘ loosening temperature”’ of the substance in question can readily be 
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recognised by means of the emanation discharged by a preparation. At this temperature a 
great acceleration of the molecular motion of the crystalline or crystallised substance begins, 
and at this temperature reactions in the solid state become possible.* 
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The emanation method proved to be rather instructive also for cases where alterations of the 
lattice of crystallised salts arise in heating. Zimens{ (Naturwiss., 1937, 25, 429; Z. physikal. 
Chem., 1937, B, 37, 231) studied the thermal behaviour of some carbonates of the alkaline 
earths in the author’s Institute. He represents his results as follows. Fig. 10 shows the thermal 


* See Hedvall, ‘“ Reaction in the Solid State.’”” Hedvall was the first to study such reactions by 
a large variety of experimental methods. + Alias Zinsen. 
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behaviour of preparations of calcite and aragonite which were precipitated together with the 
radium isotope Th-X. The preparations were heated in an atmosphere of carbon dioxide. 
The temperature (abscissa) was uniformly increased, and the variation of the emanation 
discharge was repeatedly measured.” 

The EV of the calcite, lying between 1 and 2% at room temperature, increases only slightly 
at first, but above 600° it increases rapidly. If a preparation of aragonite is heated in the same 
way, no difference in the curves canbe seen up to 450°. Just above 500° the EV suddenly 
increases to a maximum, then again decreases and joins the calcite curve above 600°. As is 
proved by X-ray photography, the internal molecular transformation of the rhombic aragonite 
into the hexagonal calcite is expressed in the EV. A preparation of aragonite whose heating 
is stopped after the peak at 600° shows the pure calcite lines in the Debye—Scherrer diagram. 

By variation of the experimental conditions, further statements concerning the transformation 
can be made: in cooling of an aragonite heated to above 600° no re-transformation takes 
place and no peak arises in another heating. The transformation is monotropic and irreversible. 

The further progress of the emanation curves for higher temperatures shows the dissociation 
of the carbonate at 910° and the loosening of the generated calcium oxide from 910° upwards. 

In contrast to the monotropic transformation of the aragonite into calcite, barium carbonate 
undergoes a reversible enantiotropic transformation of the rhombic into the hexagonal 
carbonate at a certain temperature. This process can be very distinctly shown by means 
of the emanating capacity (Zimens, Z. physikal. Chem., 1937, B, 37, 241). At about 500° the 
loosening begins, and at 810° the rhombic carbonate is transformed into the hexagonal species 
(see Fig. 11). With this preparation, where the particles were small, the transformation starts 
a strong recrystallisation, as is seen by the reduction of the emanating power. 
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Thermal behaviour of barium carbonate. 


The second curve illustrates the effect of the size of the particles. This preparation consisted 
of bigger particles, and this fact suffices to change the graph very distinctly: the rise begins 
somewhat later and, although the transformation is again shown as a pronounced peak, it does 
not lead immediately to recrystallisation, which does not begin before 1200°. The dissociation 
temperature of the carbonate is shown by the curves to be 1350°. 

Another series of experiments on the applicability of the emanation method to physical 
transformations in heating was carried out by Werner with certain metals or metallic alloys 
(Z. Elektrochem., 1933, 39, 611). The experiments became somewhat more difficult, because 
it is not quite simple to index alloys by a substance giving off anemanation. The experiments 
were successful with some metallic barium alloys. The transition from metastable systems, 
for instance, to the normal state could definitely be recognised by means of the method. Werner 
investigated a deformed zinc—barium alloy and described its transition to the normal state as 
follows: ‘“‘ The deformed alloy represents a metastable system existing under a certain degree 
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of strain. Ata certain temperature the crystallites experience a spontaneous recovery from 
the results of the deformation. The structural elements of the lattice change to the normal 
condition of the lattice, with an equalisation of the internal tension and, while this change is 
taking place, an increased amount of emanation is able to escape through the metal structure.” 

(V) Chemical Tvansformations——Many chemical compounds, especially salts with several 
molecules of water of crystallisation, suffer from a step-by-step dehydration on heating whose 
progress is very different for the various compounds and also for the individual hydrate stages 
of one and the same salt. Lieber (Z. physikal. Chem., 1938, A, 182, 153) investigated the stepwise 
dehydration of barium chloride, bromide, and iodide by means of the emanation method and 
was able to show how extremely distinctly the loss of water occurring at certain temperatures is 
denoted by steep peaks in the emanation discharge (for details the original paper should be 
consulted). 
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Step-wise thermal decomposition of BaH,(C,O,),, 2H,O. 


A characteristic example for another salt is now mentioned, because five different 
transformation processes could be proved with one single systematic heating curve; this is the 
decomposition of the acid barium oxalate BaH,(C,O,),,2H,O (Sagortschew, ibid., 1936, A, 
177, 235). Fig. 12 shows that the decomposition curve passes through five maxima and 
five minima. The first two maxima, particularly the first, are not very pronounced. When 
the heating is interrupted at the first minimum and the preparation is weighed, it is found to be 
the monohydrate. If the heating is repeated, the first weak maximum does not appear again. 
The first rise and fall of the EV is thus connected with the loss of the first molecule of water of 
hydration. If the preparation which has been heated to 100° is kept in humid air for some 
hours, it absorbs water, and the first maximum appears again when heating is repeated. If the 
heating is interrupted at the second minimum, and the preparation is weighed, we find that the 
second molecule of water has been lost, too, so the second minimum corresponds to the 
anhydrous salt. 

The further processes are followed by normal analysis after the peaks in the emanating 
capacity have shown the temperature at which conversion takes place, and the corresponding 
results are given in the figure. It is not yet quite clear why the effect of the discharge of the 
two molecules of water, and of the first in particular, is so much less pronounced: probably 
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this is due to the measuring method used, where very rapid processes are perhaps not registered, 
or only to a small amount. 

Born (ibid., 1937, A, 179, 256) unambiguously proved in the author’s Institute that such 
tapid decompositions may be checked by using an electrometer arrangement instead of the 
earlier method of registration. The earlier method of working was the following: A constant 
stream of indifferent gas is continuously led over the substance to be investigated, carrying 
off the discharged emanation and leading it through a small ionisation chamber connected 
with an electroscope after a short distance. The intensity of the ionisation current, and 
thus the quantity of emanation, is measured with the time of charge and discharge of the 
electroscope. In most cases the fixation of a measuring point requires several minutes. The 
electroscope has to be charged, and the discharge over a certain potential range must not last 
less than about 20 seconds in order to secure an adequate measuring accuracy. That means, 
however, that it will usually require several minutes. All the alterations which take place 
during the measurement are therefore perhaps not expressed in detail or may be obscured. 

In the new arrangement an electrometer makes a deflection which is continuously 
proportional to the straightly flowing ionisation current. This enables us to perceive and to 
follow very quick variations of the ionisation current, i.e., of the emanation discharge. The 
utility of the arrangement is exemplified by the decomposition of thorium oxalate. 

Fig. 13, curve I, first shows a small peak at 80—100°, then runs parallel to the abscissa up to 
about 350°, where the rapid increase to the pronounced maximum at 400° starts. After the 
decrease, the emanating capacity remains for a further 800° at a considerable height without 
great fluctuations. In order to interpret this general curve more accurately the heating was 
repeated stepwise as usual, and weighings were taken. The result was that a dihydrated oxalate 
was produced from the hexahydrate after the first peak. Anhydrous oxalate was present 
at 300°, and thorium oxide with at most 1% of over-weight at 450°. 

Curve II of Fig. 13 shows the corresponding curve of the formerly used electroscope 
arrangement. We see that the effect of water discharge was completely masked in the simple 
electroscope observation, and that the influence of the oxalate decomposition on the emanation 
discharge is insufficiently expressed. 
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Zimens (ibid., 1940, A, 186, 94) more recently made another essential step forward; he 
built a fully automatic apparatus for measurement of the emanations and their progress in 
the continuous heating of preparations. He used a type of electrometer valve instead of an 
electroscope or an electrometer, thus making possible the recording of curves on a film by 
means of a mirror galvanometer. The exact curve of temperature is simultaneously recorded 
by means of a thermocouple. According to Zimens, such an apparatus, though rather 
complicated, has the following advantages: In his apparatus the temperature curves of the 
emanating power are recorded completely automatically (by means of an electrometer valve). 
(i) The measurements are made continuously; hence every detail is recorded even with rapid 
variations of EV. (ii) The influences of irregular increases of temperature upon the EV curve, 
which have sometimes been considerable, can be observed owing to the simultaneous record of 
the temperature-time curve. The temperature record is very useful even for isothermal 
measurements. (iii) There will not be any sources of personal error, which might be considerable 
in measurements which often last several hours. 

An example of the automatic recording on photographic paper is given in Fig. 14. It shows 
the variations of the escaping fraction of emanation (Tn) from a sample of Fe,O, when heated 
in an atmosphere of oxygen (Zimens, ibid., 1943, A, 192, 48). The temperature of 
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transformation from Fe,O, into Fe,O, at 760 mm. oxygen pressure derived from this curve is 
1405°. With the temperature curve (above) the uniformity of the heating can be controlled. 

(VI) Reactions in the Solid State-—After the preceding examples on the use of the emanation 
method for the investigation of physical as well as chemical transformations of solids, it is natural 
to apply the method to the study of chemical reactions in the solid state as well, i.e., for reactions 
in which mixtures of two chemical compounds show a reaction with one another at high 
temperatures. We have repeatedly referred to the so-called “ loosening temperature” at 
which the molecular motion of the lattice components becomes so rapid that we can expect 
chemical reactions. Such reactions have already been studied by Hedvall and his co-workers, 
by Hiittig, by Fricke and others by various methods, and lately the emanation method has 
also been used. 
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Transformation of Fe,O, into Fe,Q,. 


Only one series of very detailed investigations made by Schréder in Fricke’s laboratory in 
the Technische Hochschule of Stuttgart during the last few years can be mentioned (for full 
references, see Schréder, Z. Elektrochem., 1940, 46, 680). Schréder checked his results obtained 
by the emanation method by a variety of ordinary methods and was able to prove that the 
emanation method affords results which cannot be attained as simply, if at all, by other methods. 
He chiefly studied the processes taking place between the oxides of bivalent or tervalent metals 
and leading to compounds of the spinel type. 

The processes were controlled by means of X-ray photography and analytical characterisation 
of the intermediate products. Schréder investigated, e.g., the formation of zinc-iron spinel, 
ZnFe,O,, and of cadmium-iron spinel, CdFe,O,, of chrysoberyl, BeAl,O,, and of othercompounds. 
At first the single components were checked as to their behaviour during heating and after 
successive sudden cooling to room temperature; afterwards the molecular mixtures were 
checked in the same way. Besides the loss of water and of carbon dioxide of the carbonate- 
containing hydrates, grain size, changes in colour of the oxides, and other phenomena were 
correlated with the emanation discharge. 

Zinc-iron spinel. Schréder (Z. Elektrochem., 1922, 48, 241) studied the reaction 
ZnO + Fe,O, = ZnFe,O,. First, the emanation discharge of the oxide indicated by radio- 
thorium (as the source for the emanation) is followed during the continuous rise of temperature 
in the streaming apparatus. We obtain a curve where the points of increased emanation 
discharge are indicated by the characteristic, more or less pronounced “ peaks.”” The remaining 
alterations indicated by the discontinuities of the heating curve are controlled by the room- 
temperature curve : to each heating curve a sufficient number of preparations were pre-heated 
to the different temperatures and then, under equal conditions, measured at room temperature. 
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The curves recorded during heating are called “‘ running curves” (‘‘ laufende Kurven”’) = 
L.T. curves, and the curves recorded at room temperature are correspondingly called R.T. 
curves. 

In the reaction in question the zinc oxide was activated by radio-thorium, the ferric oxide 
being inactive. Since the radio-thorium could be precipitated simultaneously in the pure 
crystalline zinc hydroxide only to a small extent in the absence of carbon dioxide, some basic 
zinc carbonate was precipitated intentionally together with the hydroxide. This precipitates 
in a highly disperse form, including the radio-thorium, and does not give it off during washing. 

Fig. 15 shows the behaviour of the basic carbonate cqntaining zinc hydroxide on continuous 
heating (L.T. curve). In order to be able to determine the reproducibility of the processes, 
the curve was recorded with several preparations produced at different times. We observe a 
pronounced peak at 120°; on continued heating, the emanation discharge decreases and then 
tapidly increases again to a high maximum at about 255°. A rapid decrease follows again, and 
above approximately 850° another increase begins which becomes extremely rapid above 
1100°. 
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L.T. curve of CO,-containing Zn(OH),. 


Which processes are reflected in these discontinuities was determined, on the one hand, by 
the record of the room temperature curve (R.T. curve) and, on the other hand, by analytical 
methods and X-ray photography. The R.T. curve (Fig. 16) indicated the remaining alterations 
at the different stages of the tempered preparations. The loss of water and of carbon dioxide 
and the loss in total weight are recorded on the right-hand ordinate. From Figs. 16 and 17 
we draw the following conclusions. The temperature of dissociation of the crystallised 
Zn(OH), lies at 120°. The pronounced peak at about 255° shows the dissociation temperature 
of the zinc carbonate. That the water discharge is not so strongly pronounced in the L.T. 
curve, despite the much greater water loss compared with the CO, loss, as the high peak in the 
CO, discharge shows, depends upon the fact that the Zn(OH), contained much less radio- 
thorium yielding an emanation than did the ZnCO,. The intensified emanation discharge 
again starting at about 800° in the L.T. curve causes the beginning of the accelerated molecular 
motion which, of course, is not visible in the R.T. curve. It shows only the surface diminution 
of the oxide taking place with increasing temperature after the first strong loosening during 
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the dissociation (for fuller details, the original paper must be consulted). Here we are primarily 
interested in recording the heating curve of the mixture zinc oxide-ferric oxide after the 
behaviour of the basic zinc oxide alone had been followed (Schréder, Z. Elektrochem., 1942, 48, 
241). Fig. 17 represents the result (idem, ibid., p. 301). The general progress over the first 
600° is quite analogous to the L.T. curve of the zinc component without iron. Above 600° 
another well-pronounced peak is visible for the mixture and thus indicates a fresh process. 
This process is the beginning of the reaction leading to the formation of the zinc-iron spinel. 
Again, two different mixtures of preparations were used for recording the curve. The peak 
which corresponds to the spinel formation lies at exactly the same point, which is therefore 
reproducible. 
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curve of mixture. 


The two curves a and b represent the behaviour of two mixtures pre-tempered to high 
temperatures. The upper curves are plotted on an enlarged scale (right-hand ordinate) in 
respect of the emanation capacity. For a, the mixture was pre-tempered continuously up 
to 1100°; for b it was heated to 1100° for a further 24 hours. The somewhat lower curve b 
allows the conclusion that the spinel is somewhat spoilt in baking caused by the long duration 
of heating. The formation of the spinel itself, however, can no longer be seen from these 
pre-heated samples; X-ray photographs proved that the peak freshly produced in the L.T. 
curve corresponds with the spinel formation. The reaction proper starts at about 700° and is 
finished at about 800°. 

Cadmium-iron spinel. In the foregoing example the zinc hydroxide (containing carbonate) 
was indicated by radio-thorium, the iron component not being activated; we could, of course, 
alternatively ‘‘ indicate ’’ iron and add zinc in an inactive state. The spinel formation should 
be denoted at the same point. Schréder carried out such a complete investigation, for instance, 
with the formation of the cadmium-iron spinel. He first studied the emanation discharge of 
the individual activated components, the cadmium hydroxide (containing carbonate) and the 
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ferric hydroxide. Then he prepared the mixtures, on the one hand the iron component and 
inactive cadmium carbonate, and, on the other hand, the active cadmium component and 
inactive ferric hydroxide. In Figs. 18 and 19 we see the L.T. curves for the components. 
Schréder (ibid., 1940, 46, 680) summarises his results as follows: FeO*OH discharges its 
adsorption water up to 150°; the decomposition of the hydroxide subsequently begins and 
passes its maximum at 250°. Above 350° the resulting y-Fe,O, is transformed into a-Fe,O, 
which causes a weak “ glowing ” at 450° and continues to recrystallise up to about 700°, whereat 
the “‘ loosening ” begins with the strong rise in the emanating power. In the L.T. curve for 
cadmium carbonate (to which a basic carbonate had been added to give sufficient absorption of 
radio-thorium), the first discontinuity corresponds with the water discharge, and the very 
steep peak shows the temperature of dissociation of the carbonate into the oxide. It lies at 
357°, in good agreement with the temperature given in the literature. The “ loosening” of 
the lattice starts below 600° in this case. 
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The R.T. curves were recorded as well as the L.T. curves depicted, and the processes were 
controlled analytically, chemically, and by X-ray photography (Schréder, loc. cit.; ibid., 
1941, 47, 196). 

The behaviour of the individual components having been studied, that of the mixtures 
is shown in Figs. 20—23, the L.T. curves as well as the R.T. curves being given. 

Fig. 20 shows the L.T. curve for active ferric hydroxide and inactive cadmium carbonate. 
The initial curve is quite analogous to that of the ferric hydroxide only. Another peak arises 
above 700°. The corresponding R.T. curve is represented in Fig. 21. It shows the processes 
associated with the various heating stages : X-ray results, and loss of CO, and H,O. 

Finally, we represent the curves for the mixture of active carbonate and inactive ferric 
hydroxide. Here the peak corresponding to the spinel formation is even more pronounced ; 
it lies at the same point as in the reverse case. 

The R.T. curve associated with the last-mentioned L.T. curve is represented in Fig. 23, 
with an indication of the processes associated with the individual stages. 
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Fricke and Kubach (Z. Elektrochem., 1949, 58, 76) recently applied the emanation method 
to the investigation of the processes of conversion Cu(OH), —-> CuO —-> Cu —-> CuO both 
for the pure substance and on silica gel. The reactions were followed essentially as described 
for Schréder’s work above. The process of reduction as well as the subsequent oxidation can 
be clearly interpreted for these processes by the amount of emanation discharged in the 
tespective case. The same authors also gave improved working directions for the application 
of the “ copper pile ’’ (“‘ Kupferturm ’’) which serves for removing the last traces of oxygen 
from nitrogen and inert gases. In order to maintain the capability of reaction one should 
operate the copper pile at 160°, instead of 200° as was stated previously. 

(VII) Absolute Surfaces and Diffusion Constants.—Fliigge and Zimens (Z. physikal. Chem., 
1939, B, 42, 179) have tried a quantitative approach to the problem of the escape of rare-gas 
atoms from solids, and Zimens (ibid., 1942, A, 191, 95; 1943, 192, 1; see also his “‘ Handbuch 
der Katalyse,” Vol. IV, pp. 221 et seq., Verlag Springer, Wien, 1943) has continued his work 
experimentally as well as theoretically. In short, the results of these investigations are as 
follows. The measured emanation power is, in general, a very complex quantity. Essentially, 
one must distinguish between the fraction of emanation atoms escaping by the recoil when the 
radioactive disintegration of the mother atoms takes place, and the fraction escaping by 
diffusion of the emanation atoms through the solid substance. The measured emanation 
power (e) consequently is composed of the “ recoil fraction” (€,) and the “ diffusion fraction ”’ 
(€p); 2.¢.,€ = €, + €p. For all quantitative evaluations it is necessary to determine eg and 
€p separately. This can be done, e.g., by measuring the emanation power e with two emanations 
of different half-life, or by measuring the temperature coefficient of «, or by observation of the 
emanation power with the long-lived radium emanation as a function of time. 

If the recoil-fraction €, and the diffusion-fraction €, are known separately, it is possible to 
ascertain from ¢, a characteristic surface-quantity for the sample, and from e, the diffusion 
coefficient of the rare-gas atoms in the solid. These quantities then can be easily studied as 
functions of temperature, of time, etc. 

The experimental technique of preparation of samples, of measuring the emanation power, 
and of studying « as a function of temperature, etc., has been described and summarised by 
Zimens (Z. physikal. Chem., 1942, A, 191, 1). In this paper also the applications of artificial 
radioactive rare gases are discussed, and.some experiments with the 9-2-hour xenon (Xe) 
are described. The paper includes a list of all publications on the ‘‘ emanation method ” during 
the years 1923 to 1942. 

(VIII) Application to Nuclear Physics.—In Section (III) reference was made to work by 
Bjerge (loc. cit.), who used Strassmann’s report on the 100% emanation power of salts from 
organic long-chain monobasic acids to separate a neon of a half-life period of 40 seconds from 
a “‘ highly emanating ’’ sodium stearate. Dr. Strassmann and the author made use of our 
experiences on highly emanating hydroxides for the precipitation of short-lived fission products 
from uranium (Naturwiss., 1940, 28, 54) and thorium (ibid., p. 61). We prepared ammonium 
uranate and thorium hydroxide of a very large surface area. When irradiated with the neutrons 
from our radium-beryllium preparations the gaseous fission products, xenon and krypton, even 
the very short-lived ones, diffused from the preparations into the air, and their decay products, 
czsium and rubidium, could easily be deposited at a negatively charged plate of cadmium from 
which the fission products could easily be dissolved and the chemical separations undertaken. 
The experiments were performed in such a way that other fission products due to the recoil 
were not present. 

By taking all due precautions we succeeded in measuring the cesium isotopes separated as 
cesium silicotungstate from all the other fission products 1-2—1-4 minutes after interruption 
of the radiation! In the case of rubidium precipitated as rubidium stannous chloride the 
measurements could be started after 1-6—1-8 minutes. In addition to the cesium and 
rubidium isotopes which we had detected previously, we thus succeeded in establishing the 
existence of a cesium of a half-life period of about 40 seconds and of a rubidium of a half-life 
period of about 80 seconds. 


Grateful acknowledgement is made of the permission to reproduce diagrams as follows: to the Oxford 
University Press and Cornell University Press for Figs. 1, 2, 3, 4,6 and 7 from O. Hahn’s “Applied 
Radiochemistry ’’; to Akademische Verlagsgesellschaft t und Portig, Leipzig, for Figs. 10, 11, 12, 13, 
and 14 from Z. physikal. Chem.; and to Dr. Dietrich Steinkopf, Frankfurt a. M.-Griesheim, for Fig. 7 from 
Kolloidchem. Beith. 


GOTTINGEN. (Read, March 28th, 1949.]} 
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S57. The Hydrolysis of the Uranyl Ion. Part I. 


By J. Sutton. 


Cryoscopic measurements prove conclusively that the hydrolysis of uranyl salts leads to 
the formation of the ions U,0,**+ and U,O,**, and not UO,(OH)* and UO,(OH),. 

Measurements we of solutions of UO, in solutions of uranyl] salts, pH titrations of uranyl 
perchlorate with ium hydroxide, and the conductivity and absorption spectra of these 
solutions, point to the formation of further ions U,O,(OH)*, U,0,(OH),, and U,0,(OH),~. 
More highly charged anions may be formed but the evidence is still inconclusive. The equi- 
librium constants for the formation of some of these ions have been determined. 


SEXAVALENT uranium forms a series of salts, derived from the trioxide, which contain the bi- 
valent uranyl cation, UO,*+*. In solution these salts behave like strong electrolytes (Robinson, 
Wilson, and Ayling, J. Amer. Chem. Soc., 1942, 64, 1479; Dittrich, Z. physikal. Chem., 1899, 
29, 449), and from the low entropy of the uranyl ion Coulter, Pitzer, and Latimer (J. Amer. 
Chem. Soc., 1940, 62, 2845) concluded that it would attract water much more strongly than 
most other bivalent cations, which suggests that the ion in solution might be U(OH),**. 
Crandall (U.S. Atomic Energy Commission Report MDDC-1294) has, however, recently shown 
on the basis of *%O exchange experiments that the ion in solution is UO,**. 

The configuration of the ion is still open to question. X-Ray diffraction data for sodium 
uranyl acetate (Fankuchen, Physical Rev., 1933, 48, 327; Z. Kryst., 1935, 91, 473), uranyl 
fluoride (Zachariasen, Acta Cryst., 1948, 1, 277), and various uranates (idem, ibid.; Samson 
and Sillén, Arkiv Kemi, Min., Geol., 1947, 25, No. 21) in which the UO, is retained as part of 
the anion, indicate that the group is linear, the two oxygen atoms being covalently held at 
1-91 a. from the uranium atom. On the other hand, infra-red absorption spectra of crystalline 
uranyl salts (Conn and Wu, Trans. Faraday Soc., 1938, 34, 1483; Lecompt and Freymann, 
Bull. Soc. chim., 1941, 8, 622) indicate a bent uranyl ion, and the Raman spectra of saturated 
solutions of uranyl salts point to the same conclusion (Conn and Wu, /oc. cit.; Satyanarayana, 
Proc. Indian Acad. Sci., 1942, 15, A, 414; Crandall, Joc. cit.). In view of the unequivocal 
nature of the spectrographic evidence, and taking into account the fact that the oxygen posi- 
tions cannot be directly deduced from the X-ray data but must be derived from spatial con- 
siderations, it appears that the uranyl ion is bent.* Neutron-diffraction experiments may 
throw more light on this point. 

When a solution of a uranyl salt is diluted with a large excess of water, or when uranium 
trioxide is dissolved in a uranyl salt solution, the colour changes from yellow to deep orange. 
A similar colour change takes place when sodium hydroxide is added to a urany] salt solution, 
precipitation occurring immediately unless the solutions are very dilute. The orange pre- 
cipitate formed in concentrated solutions is called sodium diuranate, but its exact composition 
is doubtful. These results indicate extensive hydrolysis of the uranyl ion. 

When the orange solution obtained by adding excess of 0-01m-sodium hydroxide to 0-01m- 
uranyl perchlorate is electrolysed with platinum electrodes in a three-compartment cell, the 
compartments being separated by sintered-glass plates, the concentration of uranium decreases 
around both electrodes. Over a period of several hours the pH of the anode solution decreases 
to 2—3, that of the solution in the central compartment decreases to approx. 10, but that 
of the cathode solution remains at the original value of 11—11-5. These results can be explained 
only if the hydrolysis of the uranyl ion leads to the formation of an anion at high pH 
values, the equilibrium between the two depending on pH. Around the cathode, the com- 
paratively mobile sodium ions will be preferentially discharged, and, reacting with water, will 
ensure that a high hydroxyl-ion concentration is maintained. Therefore the uranium in this 
compartment will be chiefly in the anionic form and will migrate into the central compartment. 
In the anode compartment the hydroxyl ions will be preferentially discharged, leading to the 
large decrease in pH and hence to the formation of uranyl ions which will migrate away from 
the anode. The hydrogen ions formed in the anode compartment will migrate towards the 
cathode more quickly than the hydroxyl ions will leave the cathode compartment, and this 
accounts for the slight decrease in pH of the central compartment. 


* Added in proof. Since this paper was written, a critical survey of old and new data (Dieke and 


Duncan, ‘‘ Spectroscopic Properties of Uranium Compounds,”’ McGraw-Hill Book Co. Inc.) indicates that 
the uranyl ion is linear. 
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The simplest and most obvious explanation of the hydrolysis would involve the successive 
addition of hydroxyl ions to the uranyl ion, thus : 
UO,*+ + OH- =—— UO,(OH)* 
UO,(OH)* + OH- = — UO,(OH), 
UO,(OH), + OH- == UO,(OH),~ etc. 
or, the equations being written to include the hydrogen ion : 


K. 
UO,*+ + H,O == UO,OH)'+H* K, 


K. 
UO,(OH)+j+ HO —= UO,OH),+H*t K, 


UO,(OH,) + H,O —= UO,(OH),- + Ht ete. 


ll 


[U0,(OH)*}[H*)/(U0,**) 


(UO,(OH),)(H*]/[(U0,(OH)*] 
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Using the first two steps of this mechanism as a basis for their calculations, Longsworth et al. 
(Manhattan Project Report MDDC-911) determined appropriate equilibrium constants from 
the pH values of solutions of uranium trioxide in hydrochloric acid, the chloride-ion concen- 
tration being kept constant at 0-1m. Their results are shown in Fig. 1, in which pH values 
are plotted against the ratio (equivalents of UO,)/(equivalents of HCl). The broken line 
represents the calculated results using K, = 4-6 x 10 and K, = 6-0 x 10°, and it coincides 
with the upper full line below the ratio 0-5. Difficulties arose when the same equilibrium con- 
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stants were used in an attempt to explain the variation of pH with concentration in stoicheio- 
metric uranyl chloride solutions. Fig. 2 shows pH plotted against log concentration for these 
solutions, the broken curve being calculated. 

Another serious disadvantage was that, these two constants being used, the calculated 
concentrations of UO,(OH), in some of the solutions with a high UO,/HCl ratio were greater 
than the solubility of UO,,H,O in water. 

Longsworth therefore suggested another mechanism to account for the results. This 
involved oxygen bridging, a process which has recently been used to explain the hydrolysis 
of Bi** ions (Granér and Sillén, Acta Chim. Scand., 1947, 1, 631). The first two stages of the 
hydrolysis are then 2U0,++ + HO —= U,0,*+ + 2Ht 

U,0,++ + U0,++ + H,O =— U,O,++ + 2Ht 
and the equilibrium constants are 
K, = (U,0,**)(H*}*/(U0,*}? KK, = (U,0,)(H*}?/(U,0,**)(U0,**) 


Using only the first of these reactions, Longsworth e¢ al. were able to calculate an equilibrium 
constant which explained the variation of pH with the UO,/HCl ratio and with concentration 
for the stoicheiometric solutions over a considerable range. The calculated values are the 
full curves in Figs. 1 and 2. 

Three points should be raised with regard to the above work. First, there is certainly an 
error in all the calculations owing to neglect of the complexing of the uranyl ion with chloride 
ions. That this complexing takes place is shown by adding hydrochloric acid to a uranyl 
perchlorate solution, whereupon a deepening colour indicates the occurrence of a reaction 
which cannot be hydrolytic. Secondly, whereas the continuation of the oxygen bridging pro- 
cess can never lead to the production of an anion as required by the experimental observations, 
the OH- addition mechanism does so in the third stage. Thirdly, the difference between 
the observed and the calculated results for the stoicheiometric solutions might be explained on 
the basis of the first mechanism if the activity coefficients of the various ionic species are taken 
into account. Which mechanism applies, therefore, is still an open question. 

To avoid the errors due to formation of anionic complexes, Longsworth’s experiments 
were repeated, uranyl perchlorate and perchloric acid being used. The results are the lower 
full curves plotted in Figs. 1 and 2. That no complexing occurred between uranyl and per- 
chlorate ions was shown by the constancy of the absorption spectra between 3400 and 5000 a. 
of a set of solutions 0-5m. in uranyl perchlorate and containing varying amounts of excess per- 
chlorate ion up to a concentration of 7M. supplied in the form of perchloric acid and sodium 
perchlorate. The pH’s of these solutions were kept between 0 and 1 in this way, thus preventing 
hydrolysis. 

Activity coefficient data for the UO,-HClI system are not available, so the third point cannot be 
easily or directly answered. The problem of deciding which is the more satisfactory mechanism 
must therefore be approached from another angle. Transference-number and conductivity 
data will not differentiate between the two mechanisms but, as Longsworth suggested (/oc. cit.), 
cryoscopic measurements should clearly decide which alternative is correct, and the following 
work was carried out for this purpose. 

When uranium trioxide is dissolved in a stoicheiometric uranyl perchlorate solution, then, 
by the first mechanism, it does so thus : 


UO, + UO,++ + HO — = 2U0,(OH)* etc. 
and according to the second mechanism thus : 
UO, ote vuo,** == U,O,** 


If the original concentration of the solution is M moles per l. and the added UO, corresponds 
to a concentration N moles per 1., then the ionic concentration will increase from 3M to3M + N 
according to the first reaction, but will remain constant according to the second, except for 
negligible factors due to the volume and pH changes of the solution. The following table 
shows the freezing-point depressions of a number of uranyl perchlorate solutions with and 
without dissolved uranium trioxide. For the former solutions the depressions expected on 
the basis of the first mechanism are also tabulated for comparison. The results clearly indicate 
that the preliminary stages of the hydrolysis take place in accord with the second mechanism. 
London (private communication) arrived at the same conclusion in the case of a uranyl nitrate 
solution with added uranium trioxide, for which he measured both the freezing-point depression 
and the boiling-point elevation. 











S 278 Sutton: The Hydrolysis of the 


Freezing-point depressions for uranyl perchlorate solutions with and 
without added uranium trioxide. 


SEE LAST COL, ER 0-500 0-250 0-125  0:0625 0-0313 
UO,/HCIO, = 0-5: F. p. obs. .......eceee 35042 1-447 0-662 —s«i334—s«- 162 
UO, /HCIO, = 0-645: F. p. obs. ............ 3-502° «1-452 s«0-665—s«0335—s«O173 
UO,/HCIO, = 0-645: F. p. calc. ............ 3-84° 1-588 0-726 0-366 0-178 


It is now necessary to determine how far this reaction proceeds. In the case of Bi*+ Granér 
and Sillén showed that the oxygen-bridging process can lead to the formation of large flat 
ionic plates, this being in agreement with the X-ray crystallographic observations which show 
that bismuth oxyhalides consist of parallel cationic layers of BiO with the anions between 
them (Bannister and Hey, Min. Mag., 1935, 24, 1949; Sillén, Naturwiss., 1942, 30, 318). That 
the mechanism does not proceed so far in the case of uranyl salts is suggested by four experi- 
mental facts: (1) the existence of anions containing uranium in alkaline solutions of uranyl 
salts, (2) the shape of the pH titration curves for uranyl perchlorate and sodium hydroxide, 
(3) the shape of the conductivity titration curve for the same system, (4) the changes in the 
absorption spectrum of uranyl perchlorate solutions with addition of aqueous sodium-hydroxide. 

Experimental evidence supporting the first point has already been discussed. 

pH Data.—tTitration of uranyl salts with sodium hydroxide have been carried out by a 
number of investigators. Britton (j., 1925, 127, 2148) showed that for uranyl nitrate in 
dilute nitric acid there were three inflexions in the curve of pH against c.c. of alkali solution 
added, one at the point of neutralization of the excess acid, another when the composition 
of the solution corresponded to U(NOs)_.3,(OH) 3.43, and the third at the point where precipit- 
ation commenced. The deepening in colour which occurred before precipitation was, he 
suggested, due to the formation of large particles of uranium hydroxide. Substantially similar 
results were found for uranyl chloride solutions (Britton and Young, J., 1932, 2467). 

Guiter (Bull. Soc. chim., 1947, 14, 275) found two inflexions at pH 6-8—8-6 and at pH 
9-3—9-9 in the plot of pH against c.c. of sodium hydroxide added to a solution of uranyl 
acetate, and attributed them to the formation of UO,(OH), and Na,O,8U0O,, respectively. In 
the case of uranyl nitrate (zbid., 1946, 18, 403; 1947, 14, 64; Ann. Chim., 1947, 12, 72) he 
postulated the formation of (UO,°OH),*++, UO,NO,°OH*, and UO,(NO,),°OH- in different 
concentration ranges. His pH values were obtained colorimetrically and this throws some 
doubt on their accuracy. 

Kraus and Nelson (U.S. Atomic Energy Commission Report AECD. 1864) carried out 
similar titrations using a glass electrode and showed that there is a marked “ hysteresis ” 
effect when the final solution is back-titrated with acid owing to the formation of large particles 
which do not quickly redistribute themselves. They attribute failure to interpret the curves 
in terms of the acid constants of the hydrated complexes of UO,** to polymerisation of the 
hydrolysed ions, even in the first few units % of hydrolysis. Their curves show the same 
inflexions as Britton’s. 

Faucherre (Compt. rend., 1948, 227, 1367), using the relationship for ‘‘ condensation ” 
reactions of ions, dpH/dlog V = n/(g + 1), derived by Geloso and Faucherre (ibid., p. 200), 
where V is the dilution, » the number of cations condensing, and g the number of hydrogen 
ions formed in the condensation reaction, has shown that for uranyl solutions = 2, and 
has given the equilibrium constant for the formation of the dimer as 1-07 x 10-* and 1-90 x 10-* 
at ionic strengths 0-6 and 0-06, respectively. 

These investigations, although concordant among themselves that complex ions of the type 
visualized by Longsworth are formed in the hydrolysis of uranyl solutions, do not present a 
complete or coherent picture of the process. The work described here forms part of a pro- 
gramme undertaken with a view to improving this situation. In addition to the freezing- 
point depression investigations already described, pH measurements have been made on 
solutions of uranium trioxide dissolved in perchloric acid, and pH titrations of uranyl per- 
chlorate with sodium hydroxide and perchloric acid have been carried out. The absorption 
spectra of some of these solutions have been measured, and preliminary conductivity titration 
data obtained. 

The pH titrations were performed for the concentration range 1-000 to 10-‘m-uranyl per- 
chlorate, the concentration of the alkali and acid being used in general of the same order as 
that of the uranyl salt. Under these conditions, the titration of 1-00m-uranyl perchlorate 
with 0-848m-sodium hydroxide was unsatisfactory, as precipitation occurred after addition of 
a few c.c. of alkali. The initial pH of 10-‘m-uranyl perchlorate was so high (5-3) and that 
of the corresponding alkali was so low (7-8) that this titration was also of little value. In 
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the concentration range 0-100—0-001m., however, reproducible curves were obtained, all of 
which showed the same characteristic features. Fig. 3 shows some of these curves. The 
abscisse represent the number of c.c. of sodium hydroxide or perchloric acid added to 10 c.c. 
of the uranyl perchlorate solution. 
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PH titration curves of uranyl perchlorate solutions against sodium hydroxide and perchloric acid. 


Uranyl Ist inflexion 2nd inflexion 
concn., NaOH, (OH )/(UO,**) NaOH, (OH )/(UO,**) 
M. c.c. c.c. 
ol 19°5 1°65 27°7 2°35 
o-oI 15°2 1°68 21-0 2°32 
0-001 14°8 1°63 21°5 2°37 


I. o-1M-UO,(C10,), v. 0-848m-NaOH. 

II. oorm-UO,(CIO,), v. o-o1104m-NaOH. 
III. o-oorm-UO,(CI1O,), v. 0-oo1104m-NaOH. 
IV. o-oorm-UO,(CIO,), v. 0-00552M-NaOH. 

V. o-o001m-U0O,(C1O,), v. 0-0001104M-NaOH. 


The general features are the same as those found by Britton, and by Kraus and Nelson. 
Besides the inflexion corresponding to the stoicheiometric uranyl salt, two other inflexion 
points are present in the curves, a small one at lower and a large one at higher pH values. 
These two inflexions occur at pH values which vary with the concentrations of the solutions 
used in the titration but their significant property is that the ratios (moles of UO,**) : (equiv. 
of NaOH corresponding to the first inflexion) : (equivs. of NaOH corresponding to the second 
inflexion) are the same for all the curves and are 1 : 1-66 : 2-33 or 3:5: 7. The equivalents of 
sodium hydroxide are estimated for the points of greatest slope in the inflexions so that the 
results indicate reactions involving 3 uranyl and 5 hydroxyl ions for the first inflexion and 
3 uranyl and 7 hydroxyl ions for the second. These observations can be explained if the first 
two stages of hydrolysis occur according to the oxygen-bridging mechanism, followed by the 
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addition of hydroxyl ions to the resultant U,O,**+ unit. The reactions being written in terms 
of hydrogen ions the complete scheme is 


2U0,** + H,O === U,O,'t + 2H* 

U,0,** + UO,*+ + HO =— U,O,*t + 2H* 

U,0,** + H,O == U,0,(OH) + Ht 
U,0,(OH)* + H,O == U,0,(OH), + H* 
U,0,(OH), + H,O = __~U,O,(OH),- + Ht 
U,0,(OH),~ + H,O == U,0O,(OH),- + H* etc. 


The shape of the titration curves can now be interpreted. The initial rise and flattening out 
from the pH of the stoicheiometric solution is due to the two stages of oxygen bridging. Since 
the addition of the hydroxyl ion to the U,O,** ions is a different type of process, it is to be 
expected that the equilibrium constant for the formation of U,O,(OH)* will be of a different 
order of magnitude from the constants for the first two stages. The build-up of the hydroxyl 
ion concentration over the region corresponding to the formation of U,O,(OH)* is large, and 
the equilibrium is thus less favourable to the products than in the preceding reactions. 
Addition of the sixth hydroxyl ion to form U,O0,(OH), is more favourably inclined towards 
the products, so the curve flattens out again. The next stage, the addition of the seventh 
hydroxyl ion, is accompanied by a sharp rise in pH and leads to the formation of an anion 
as demanded by experiment. Where the process of hydroxyl-ion addition ends cannot be 


decided by an inspection of the curves, and quantitative calculations are needed to throw 
light on this point. 
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Variation of equilibrium constant for formation of U,O,** with the ratio [UO,]/[HCIO,)] for o-1m-HClQ,. 


Calculation. The analyses of the curves of pH plotted against the UO,/HCIO, ratio (Fig. 1) and 
of pH plotted against c.c. of sodium hydroxide added to uranyl perchlorate solution (Fig. 3) 
were carried out along similar lines. Considering the UO, in perchloric acid first, and assuming 
that two oxygen-bridging stages are followed by hydroxyl-ion addition to the U,0,** ion, 
let the concentrations of the various ionic species be written as follows : UO,++ = u; U,O,tt=v; 
U,0O,** = w; U,O, (OH)* = 4%; U,O,(OH), = y; U,0O,(OH),- =z; Ht = h*; OH- =k, /h; 
and ClO,- = a. Then, in general, for a solution of UO, of concentration b moles /litre i in HCIO, 
of concentration a moles/litre, and on the assumption that the first complex only is formed : 


K, = vh?/u® 
u+2vu=b6 (Total base) 
Q+Wwt+h=a (Electrical neutrality) 
.. Ky, = (2b —a-+ h)h®/2(a — h — b)? 
This enables values of K, to be found for various values of the ratio b/a. The results in Fig. 4 
show K, plotted against the UO,/HCIO, ratio for solutions in which the CJO,~ concentration 


was 0-Im. Extrapolation to the ratio 0-5, which corresponds to a 0-05m. stoicheiometric uranyl 
perchlorate solution, gives a value of 1-14 x 10-* for K,. 


* The values of 4 were obtained from the pH measurements with the aid of the relationship 


PH = — log [(H*]y, where y is a correction factor for ion interaction and liquid-junction potential 


effects. The values of y used in the calculations were taken from the data of Longsworth (/oc. cit.), 
and were 0-92 for 0- 05M-uranyl perchlorate solutions and 0-96 for 0-10m-solutions. 
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Above the ratio 0-6, the values of K, increase rapidly, showing that the second complex 
is forming. In this region 


u+20+ 3w=b; 2a+2%+2w+h=a; K, = wh*/uv 


Elimination of w gives a quadratic in u, and the resulting values of u can be used to determine 
K,. Extrapolation of the results gives K, = 1:1 x 10-7 at ratio 0-5. The rapid increase of 
K, with increasing UO,/HCIO, ratio shows that the third complex is forming. By adding a 
term in x to the equations for total base and electrical neutrality, and using the relationship 
K, = xh/w, a cubic in u can be derived, and the solution of this gives values of u which enable 
K, to be determined. The extrapolated value is 7-5 + 1 x 10. The analysis was discon- 
tinued at this stage. 

For the titration curves, if g c.c. of sodium hydroxide of concentration c moles/l. are added 
to p c.c. of uranyl perchlorate of concentration m moles/l., then for the total base present, 
it being assumed that only one complex is formed : 


u + 2v = pm/(p + 9) 
and for electrical neutrality 


2u + 2v +h + ge/(p + q) = 2pm/(p + 9) + Kw/h 


where qc/(p + q) is the sodium-ion concentration and 2pm/(p + q) is the perchlorate-ion 
concentration. For values of g less than 20, the term K,,/h may be neglected. These equations 
were solved for values of g from 0 to 7 c.c., and the resultant values of K, were extrapolated 
to 0 c.c., the value 1-02 x 10~* being obtained. 
This value of K, being used, and the formation of the second complex U,O,+* being 

assumed, the equations 

u + 2u + 3w = pm/(p + q) 

2u + 2v + 2w + h = (2pm — qc)/(p + 9) 


lead to a quadratic in u, solution of which enables K, to be determined. Below g = 5, values 
for K, are non-existent or very inaccurate owing to the low concentration of U,O,**+ in the 
solutions. From 5 to 12 c.c. they lie on a rapidly ascending curve, and extrapolation to 0 c.c. 
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presents difficulty. To overcome this, titrations of 0-0lm-uranyl perchlorate containing 
various concentrations of sodium perchlorate against 0-01104m-sodium hydroxide and 0-00844m- 
perchloric acid containing the same concentration of sodium perchlorate were carried out, 
and the values of K, and K, were calculated for each set of results in the manner outlined above. 
Fig. 5 shows the extrapolated values of K, plotted against initial total ionic strength of the uranyl 
solution, and in Fig. 6 the values of log K, are plotted against c.c. of sodium hydroxide added. 
By interpolation, a set of values of K, corresponding to an initial ionic strength of 0-15 was 
obtained, and these values are also plotted in Fig. 6. Since this ionic strength is the same 
as that for the uranium trioxide in perchloric acid experiments, the two sets of results should 
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extrapolate to the same point. This extrapolation is shown in Fig. 6, and by means of it as 
a guide, the log K, values for the titration of 0-01m-urany! perchlorate against 0-01104m-sodium 
hydroxide were extrapolated in a parallel fashion to give K, = 5 x 10°. 

From 6 c.c. of sodium hydroxide onwards, equations were set up involving K, and ~, the 
U,0,(OH)* concentration, leading to a cubic in « which was conveniently solved by successive 
approximation. Values of K, were then deduced and plotted, the extrapolated result being 
28 x 10. 
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added NaOH at various ionic sivengths. 


The differences between the values of K,, K,, and K, from the two experimental sources 
is due to the difference in concentration between the uranyl] solutions involved. The variation 
of ‘K, with concentration has been considered, but sufficient data are not yet available to 
make confident predictions about the behaviour of K, and Ky. 

For determination of the equilibrium constants for the succeeding reactions a cubic in u 
is always obtained, but terms involving higher powers of h appear in this equation and these 
terms increase the errors in the values of K,, K,, Kg, etc. 

The values of K,, the constant for the formation of U,0,(OH),, determined in the same 
way as K;, etc., is 3 x 107”. 

From 16 c.c. of sodium hydroxide onwards, the concentrations of UO,*+, U,O,*+, and U,O,** 
become negligible, so they are ignored in the determination of K,;. The value obtained for 
K,is 4 x 10°, 

Above 21 c.c. the concentration of the hydroxyl ion becomes appreciable, and that of 
U,0,(OH)* negligible. On this basis the extrapolation of the calculated values for K, gives 
1 x 10™. The values of K, increase from 24 c.c. upwards, indicating a probable further 
stage in the hydrolysis. Assuming the same mechanism continues, this would be 
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U,0,(OH),?- + H,O = — U,0,(OH),*- + Ht 
and K, for this reaction is 4 x 10-™. 
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In the absence of more definite evidence it is impossible to interpret the upper portion of 
the titration curve with any certainty. Diffusion data should indicate any gross changes 
in ionic size which occur in these regions, but it is doubtful if addition of hydroxyl ions will 
be detectable. 

Fig. 7 shows the variation in concentration of the different ionic species with addition of 
sodium hydroxide, calculated with the aid of the above equilibrium constants. 
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Concentrations of various ionic species plotted against volume of 0-00848mM-NaOH 
added to 10 ¢.c. of o-o1m- uranyl perchlorate. 


Conductivity Data.—The conductivity titration curve for uranyl chloride and sodium 
hydroxide was recorded by Britton and Young (Joc. cit.). Two changes in slope were observed, 
one at the point where the excess of acid present in the uranyl solution was neutralised, and 
a second near the precipitation point. 

A typical curve for the titration of 0-0lm-uranyl perchlorate against 0-00848m-sodium 
hydroxide is shown in Fig. 8. The initial rise is due to the gradual increase in concentration 
of the sodium ions, which are much more mobile than the uranyl ion and its complexes. 
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Conductivity titration curve for o-o1m-uranyl perchlorate and 0-00848M-NaOH, 


From 8 to 18 c.c., where the pH titration curve is flatter, the conductivity increases more 
slowly. The sharp change in slope which occurs at 18—19 c.c. corresponds to the first inflexion 
in the pH curve and is caused by the sudden increase in concentration of hydroxyl ions in the 
solution. The second change of slope, corresponding to the rapid rise of the hydroxyl-ion 
concentration from the point of formation of U,;O,(OH),~ onwards, is not so sharply defined, 
being spread over the region 26—30c.c. Thus, the general features of the curve are in agree- 
ment with the hydrolysis scheme proposed above. 
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Spectroscopic Data.—Many studies have been made of the absorption spectra of the uranyl 
ion in its solid salts at various temperatures, in uranium glass, and in solutions of salts in 
various solvents (Jones e¢ al., Physikal. Z., 1909, 10, 499; Amer. Chem. J., 1910, 48, 37; 1911, 
45, 114, 159; 1912, 47, 45; 1913, 49, 16; Carnegie Inst., 1910, No. 130, 99—111; 1911, No. 160, 
43, 81, etc.; Nicholls et al., Physical Rev., 1911, 88, 354; 1915, 6, 358; 1917, 9, 113; 1918, 
11, 285; 1919, 14, 201, 293; Carnegie Inst., 1919, No. 298, 72, etc.; van Heel, Comm. Phys, 
Lab. Univ. Leiden, 1925, Suppl. No. 55B to Nos. 169—180, 7; Freymann, Freymann ef al., 
Compt. rend., 1946, 228, 543, 547; 1947, 225, 529; 1948, 226, 332, 1029; 1948, 227, 1096; 
J. Phys. Radium, 1948, 9, 158; Levshin, Acta Physicochim. U.R.S.S., 1937, 6, 661, Shibata e¢ al., 
J. Chem. Soc. Japan, 1935, 56, 13; 1936, 57, 171). 

Most of these investigations have been concerned with the fine structure, which appears 
in both the absorption and the fluorescence spectra at low temperatures, and the explanation 
of the observed sharp bands in terms of the vibration frequencies of the normal and excited 
uranylion. Recently, Nyiri (Acta Univ. Szegediensis, Acta Chem. Phys., 1942, 1, 35) and Betts 
et al. (this vol., p. S 286) have used the absorption spectra of solutions at room temperatures to 
investigate complexing of the uranyl ion with various anions, a subject which has also been 
studied polarographically by Kolthoff and Harris (J. Amer. Chem. Soc., 1947, 68, 446). 
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Variation of absorption spectrum of o-o1m-uranyl perchlorate with addition of 0-01104mM-NaOH. 


Mention had already been made of the fact that the uranyl ion exhibits no tendency to 
complex with the perchlorate ion. Measurements on solutions of uranyl perchlorate have 
shown that between 3600 and 5000 a. the spectrum consists of eleven distinct bands (Fig. 9) 
with a maximum extinction coefficient of 7-79 at the peak of the central band, A 4160 a. Below 
3600 a. the absorption increases rapidly and becomes continuous, but the edge still shows 
traces of continuation of the band structure. The electronic transition, of which the bands 
represent associated vibration levels, is forbidden, as the low values of the extinction coefficients 
indicate (Kasha, J. Chem. Physics, 1949, 17, 349). 

Beer’s law holds over the range from 3400—5000 a. up to concentrations as high as 3m. 
provided thatthe pH is kept below 2-0 to prevent hydrolysis. Above pH 2, the absorption at 
all wave-lengths increases rapidly. Although the solutions in the region of the maximum 
concentrations of U,;0,(OH), were metastable, depositing a yellow precipitate when kept for a 
few hours, especially if the containing vessels were not perfectly clean, it was found possible 
to measure the absorption spectra for additions up to 30 c.c. of 0-01104m-sodium hydroxide 
to 10 c.c. of 0-0lm-uranyl perchlorate. None of these solutions showed the Tyndall effect, 
and this was taken to indicate the absence of particles large enough to cause considerable 
errors by scattering. Fig. 9, in which optical density is plotted against wave-length, shows 
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some of the results. There are three distinct regions observable. Below 3800 a. and above 
4700 a. the absorption rises continuously with addition of sodium hydroxide, and between 
these limits the absorption rises to a maximum value at 15—16 c.c., decreases to a minimum, 
and then slowly increases again. This variation can be followed in Fig. 10, in which the 
average extinction coefficient is plotted against the volume of sodium hydroxide added, for 
a few selected wave-lengths. It is seen that the maxima in the curves for 4300 and 4160 a. 
occur at the position of the first inflexion in the pH titration curve. 
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0-01104-m - NaOH, c.c. 
Vaviation of absorption spectrum of o-o1m-uranyl perchlorate with addition of 0-01104mM-NaOH. 


From the initial rapid increase in the average extinction coefficients, it follows that the 
species U,O,*+ and U,O,++ are much more strongly absorbing over all wave-lengths than 
is UO,*+. Therefore, if the oxygen-bridging process continued beyond the formation of 
U,O,** this upward trend should continue. The fact that a maximum is reached shows that 
a competing process of a different kind is occurring. This must be the addition of hydroxyl 
ions to U,O,**, an assumption which is strengthened by the position of the maximum. There 
is no clearly defined minimum corresponding to the second inflexion in the pH titration curve, 
and the final steady increase of the average extinction coefficient at all wave-lengths indicates 
that the hydrolysis process is not complete even after addition of 2 equivs. of sodium hydroxide 
to one of uranyl perchlorate. 


EXPERIMENTAL. 


Recrystallisation of uranyl perchlorate gives a slightly acid product. The standard solutions used 
in this work were therefore prepared by dissolving an excess of a pure commercial uranium trioxide in 
“ AnalaR ” perchloric acid, analysing the filtered liquid for uranium and perchlorate, and adding 
appropriate amounts of standard acid to portions of this solution to make up the required UO, : HCI1O, 
ratio. In this way standard solutions with base : acid ratios ranging from 0-7472 to 0-5000 were pre- 
pared and stored at 25° in Pyrex flasks. 

Uranium analyses were made by evaporating weighed amounts of the solution in a platinum crucible 
and igniting the crystals at 900°, leaving U,O,. 

Perchlorate analysis involved diluting the solution until the uranium concentration was less than 
0-2 g./c.c., precipitating the uranium with a slight excess of 20-vol. hydrogen peroxide (B.D.H. 
“ AnalaR ”’), and electrometrically titrating the free acid with standard alkali, with methyl-orange or 
bromocresol-green as indicator. The concentration of uranium must be kept below the limit quoted 
in order to prevent errors due to adsorption of acid on the uranium peroxide (Spence e¢ a/., unpublished ; 
National Research Council of Canada, Atomic Energy Project). ] 

The cryoscopic determinations were made in an pry of the conventional design with a cooling 
bath of alcohol and solid carbon dioxide which was t at 0-2—0-5° below the freezing point of the 
solution. 100-c.c. portions of solution were used, and ‘the freezing points were measured with a Beck- 
mann thermometer which was calibrated at the freezing point of pure water before each determination. 
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To investigate the variation of pH with the UO,: HClO, ratio for values less than 0-5, solutions 
were made by adding 0-lm-perchloric acid to a 0-05m-solution of uranyl perchlorate. For values 
higher than 0-5, weighed amounts of solid uranium trioxide were dissolved in aliquots of the 0-05m- 
uranyl perchlorate, any volume changes which occurred in this process being neglected. 

The solutions used in the investigation of pH variation with concentration were made by suitably 
diluting a stock 1-000m-solution of stoicheiometric uranyl perchlorate. 

Uranyl] solutions for the pH titrations were also prepared from this stock solution. The standard 
hydroxide solution was made by dissolving washed sticks (B.D.H. ‘‘ AnalaR ”’) in carbon dioxide-free 
water. This solution was standardised against recrystallised sulphamic acid and stored under carbon 
dioxide-free conditions. For the actual titrations it was diluted to the desired concentration with 
carbon dioxide-free water. The perchloric acid used in the titrations was diluted 72% acid. It was 
standardised against rec i borax and checked with the standard alkali. 

All pH measurements were made with a Beckman model G pH meter. For the determination of 
acid in the uranyl solutions, external glass and calomel electrodes were used, but for the pH titrations 
and measurements shown in Figs. 1—3 the smaller internal electrodes were employed. In order to 
remove errors caused by the diffusion of potassium chloride from the calomel electrode and the resulting 
precipitation of potassium perchlorate in the solution, the electrode was emptied, washed, and refilled 
with saturated sodium chloride. Measurements made before and after the change on buffer solutions 
covering the entire pH range showed maximum variations of +0-02 pH unit. These were ignored in 
subsequent measurements. 

As a general rule, 10-c.c. portions of uranyl perchlorate solution were titrated against acid or alkali 
of the corresponding concentration, and pH measurements were made after addition of each c.c. 
All the titrations were repeated at least once and average values were plotted. The maximum differ- 
ences between the values in Fig. 3 and the observed values were +0-03 pH unit, but generally the 
agreement was within +0-01 unit. Slight drifting occurred in the flat region after the second inflexion ; 
this was reduced by stirring the solution as the alkali was added, but could not be completely avoided. 
The equilibrium values were reached after 30—60 seconds and these values were used in the calculations. 

The sodium perchlorate used in experiments on the variation of K, with ionic strength was a com- 
mercial product containing small amounts of iron. It was purified by addition of sodium hydroxide, 
filtration, neutralisation with perchloric acid, and three recrystallisations from water. 

Absorption spectra were measured with a Beckman U.-V. spectrophotometer using silica cells. 
The cell length was varied according to the concentration of the solution and the wave-length region 
to give transmission values between 20 and 70%, but for the purposes of calculation and for Fig. 10 
the optical densities corresponding to a l-cm. cell length were used. 

ith the slit fully opened and for visible light, the instrument was also employed to detect the 
formation of large particles in the solutions by light scattering. With 0-01104m-sodium hydroxide 
the complete titration was ormed without any precipitation although the solutions were metastable 
in the region where UO,{OH), is a predominating species. 

Prelimin: conductivity titrations were carried out in a beaker, a pair of platinised platinum 
electrodes and a conventional A.C. bridge with a Wagner earth being used. A standard potassium 
chloride solution was used to determine the cell constant. 


Thanks are due to Mrs. E. M. Fenning for carrying out many of the measurements, and to the 
Director of the Atomic Energy Research Establishment, Harwell, for permission to publish the results. 


Atomic ENERGY RESEARCH ESTABLISHMENT, 
HARWELL, Dipcort, BERKs. [Read, March 29th, 1949.} 





$58. Tonic Association in Aqueous Solutions of Uranyl Sulphate 
and Uranyl Nitrate. 


By R. H. Betts and Rita K. MIcHELs. 


Spectrophotometric methods have been used to study ionic association in aqueous solutions 
of uranyl nitrate and uranyl eye The stoicheiometric association constants for the 
equilibria UO,** 4+- HSO,- =— UO,SO,+ H* and UO,*+ + NO,- == UO,NO,* were 
found to be 5-0 + 0-34 and 0-21 + 0-01, respectively. These values were obtained for 
solutions 2-00m. in hydrogen ion. Results for concentrations of nitrate greater than 3m. could 
not be interpreted oe agro In this region, either small amounts of UO,(NO,), are 
formed, or, more probably, the value of the association constant changes slightly with the 
ionic environment. 


THE exchange of uranium atoms between U(VI), (UO,*++), and U(IV) is now known to occur 
at a measurable rate in sulphuric acid solutions (Betts, Canadian J. Res., 1948, B, 26, 702). 
However, more recent investigations by one of us (R. H. B.), which will be reported elsewhere, 
have shown that in perchloric acid solutions the exchange reaction proceeds at a markedly 
slower rate. In view of the generally non-complexing nature of the perchlorate ion, this result 
points to the formation of complex ions of U(IV) and U(VI) in sulphuric acid, and has led to a 
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study of the differences in ionic configurations of U(IV) and U(VI) in sulphate and perchlorate 
solutions. The present paper describes the nature of the species present in uranyl sulphate 
solutions. Complexes of U(VI) with anions other than sulphate, while not directly concerned 
with the exchange reaction, are of general interest, and accordingly a study of nitrate complexes 
of U(VI) has been included. Corresponding studies of the complexing of U(IV) in sulphate 
solutions are still in progress, and will be reported later. 

Several references to anion complexes of U(VI) occur in the literature. Kolthoff and 
Harris (J. Amer. Chem. Soc., 1946, 68, 1175), on the basis of polarographic investigations, gave 
a qualitative account of complexing of U(VI) by various anions. In the order of increasing 
stability of the complex, they listed perchlorate, chloride, sulphate, and oxalate. Sutton 
(Report 1612, National Research Council, Ottawa, Canada) reported that both sulphate and 
chloride form complexes with U(VI), while perchlorate does not. 

More quantitative information is available concerning the hydrolysis of the uranyl ion : 
UO,** + H,O ==> UO,(OH)* + H*. The hydrolysis constant for the species UO,** is given 
as 8:1 x 10-* by Kolthoff and Harris (J. Amer. Chem. Soc., 1947, 69, 446). Sutton (loc. cit.) 
reported substantially the same value, although his formulation of the hydrolysis differs 
somewhat from that given by Kolthoff and Harris. Sutton also showed that the absorption 
spectrum of the uranyl] ion in perchloric acid does not change until the hydrogen-ion concentration 
is less than 0-01. 

Spectrophotometric methods have been used in the present investigation. They depend 
for their usefulness on the fact that, in general, complex and simple ions absorb light to a different 
extent. Job (Ann. Chim., 1928, 9, 113) and, more recently, Vosburgh (J. Amer. Chem. Soc., 
1941, 68, 437) have developed a spectrophotometric technique, called the method of continuous 
variations, which in many cases, leads directly to the formula of the complex ion. Solutions 
are prepared of constant ionic strength and fixed total concentration of cation plus complexing 
agent. The ratio of the concentrations of cation to complexing agent is varied over a fairly 
wide range through the series. The optical density of these solutions is then measured at several 
wave-lengths, and the results compared to the expected values if no interaction takes place 
between the two components. A plot of this difference, for a given wave-length, against the 
composition of the solution shows a maximum or a minimum according as the complex absorbs 
light more or less strongly than either of the components. It can be shown (Vosburgh, /oc. cit.) 
that the value of the ratio of the concentration of cation to that of total concentration of cation 
plus complexing agent, at the point of inflection of this curve, bears a simple relation to the 
formula of the complex ion. 

When the formula of the complex species is known, it is comparatively simple to deduce the 
value of the corresponding association constant. The method will be illustrated for the 
complex ion UO,NO,* formed from one ion of UO,*+* and one ion of NO,-, since this is the 
type of complex we deal with in this paper (see below). 

For a given wave-length and in the absence of complexing agents (e.g., in perchloric acid 
solutions), the optical density, D,, of a solution of U(VI) is given by the usual expression 

D, = 1. Eg(i)[U(VI)} gat pore < (1) 
in which / is the length of the cell in cm., Ey(#) is the value of the extinction coefficient of U(VI) 
for the given wave-length, and [U(VI)] is the molar concentration of U(VI). The optical 
density is defined by the relation D = log I,/I, in which I is the intensity of light transmitted 
by the uranium solution, and J, that of the same solution in the absence of uranium. Since 
absorption cells of 1-cm. path have been used in this work, the factor / will be omitted. 

In the presence of NO,-, some of the species UO,NO,* is formed, and the equilibrium 
expression is 


U0, + NO oem VONOF . . 1 2 2 wo 2 a 
The optical density of such a solution is given by 
D, = Ep(sUO,**] + Eoli[UONO,*} 2. 1. ee (8) 


in which the subscripts U and C refer to UO,**+ and UO,NO,}*, respectively. The association 
constant for the equilibrium, in terms of molar concentrations, is 


[UO,NO,*)/[UO,*4INO.J=K ........ 


(Since all experiments in a comparable series in this work were made at nominally constant ionic 
strength, the activity-coefficient factors in all equilibria have been assumed to remain constant. 
Accordingly, association constants will be defined in terms of molar concentrations. The 
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consequences of this assumption are discussed more fully in connection with certain of the 
experimental results.) 

To determine K, we proceed as follows: Let the concentration of UO,NO,* be a,, in a 
solution initially cm. in nitrate and u,M. in U(VI). Then the association constant is given by 


Gt, — 6,6, —@) mR 2 sw ee Se ltl te Se B® 
If c, and a, are chosen so that c, > u,, then c, > a,, and as a good approximation 
@,)/(s, — a@,) OK 1. wt wt et lw lt lt C6) 
Equation (6) may be solved for a,, leading to 
@, = Kew,f(l + Kes). 2 6 6 2 ow ow we hw 68) 
The optical density D, for a fixed wave-length A, is given by 
D, = Eg(uy — a,) + Eoa, “ivy Ge a a oe ee 
By substituting for a, in (8) from (7), equation (8) leads to 
Eg = (D, + ¢,KD, — Egu,)/c,Ku, ae eT ee a ee 


For a second solution containing initially c,m-nitrate and u,M-U(VI), an expression similar 
to (9) may be obtained for E, in terms of K, D,, c, and u,. Provided that optical densities for 
the same wave-lengths are used, these two expressions for E, may be equated and solved for K 
in terms of measurable quantities : 


K CytgD, — Cy4yD, — Equyusls — ©) . 
CyCg(u,D, — ugD,) 
The value of the association constant may be calculated for all wave-lengths for which D,, D,, 
and Ey are known. Errors introduced in the original approximation in equation (6) may now 
be reduced, if required, by a second approximation. We found, in fact, that a second 
approximation was unnecessary. 

Values for E,(i) may be obtained from a knowledge of K and E,(i) by use of equations (3) 
and (4). 

The presence of other possible complexes at higher concentrations of complexing agent may 
be observed by comparing the measured optical densities with those calculated from a 
knowledge of K, E,(i), and E,(t). Any discrepancies in such comparisons will point to the 
formation of new species in solution, provided, of course, that the correct values of K and 
E,(#) are obtained for the first complex. 

Experimental Results and Discussion.—A standard solution of uranyl perchlorate in 
2-00m-perchloric acid was prepared by dissolving pure uranium trioxide in the required amount 
of the chloride-free acid. Sodium perchlorate solutions were prepared from sodium hydroxide 
and perchloric acid. Standard solutions of sulphuric acid and sodium nitrate were prepared 
from reagent-grade materials. Solutions required in the experiments were prepared by weight 
from these stock solutions. All experiments in a comparable series were made at the same 
apparent ionic strength, by use of sodium perchlorate. 

A Beckman Model DU Spectrophotometer was used in this investigation. It was equipped 
with a water-cooled face plate, mounted as an integral part of the cell compartment, through 
which water at 25-0° was circulated. One-cm. Corex cells were used. Cell corrections were 
determined at frequent intervals, and corrections made where necessary. 

(A) Complexes with Perchlorate-—Extinction coefficients for U(VI) in perchloric acid- 
sodium perchlorate mixtures were determined over the region 340—500 my, at 2-my intervals. 
The concentration of U(VI) was varied from 0-02 to 0-5m., and the perchlorate concentration 
from 2-0 to 6-Om. The hydrogen-ion concentration was maintained at 200M. No significant 
variations in the extinction coefficients were found over this range of concentrations for any 
wave-length. A typical plot of Ey against A is given in Fig. 2 (lower curve). This result 
indicates that perchlorate does not form any complexes with U(VI), and confirms Sutton’s 
observations (loc. cit.) made over a narrower range of concentrations. 

(B) Complexes with Sulphate.—Solutions were prepared, 2-00m. in hydrogen ion, with a 
constant ionic strength of 2-65. [Sulphuric acid has been treated as a monobasic acid for 
purposes of calculating the hydrogen-ion concentration or the ionic strength. This of course 
is not strictly correct, but represents a good approximation in view of the value 0-010 at 25° 
reported for the second dissociation constant of sulphuric acid (Harned and Owen, “ Physical 
Chemistry of Electrolytic Solutions,’ Reinhold, New York, 1943, p. 430).] The solutions 





(10) 

















” 








[1949] Ionic Association, etc. S 289. 


contained varying ratios of U(VI) to bisulphate, but the total concentration of these species’ 
was kept constant at 0-240m. The optical densities of these solutions were measured over the 
region 420—450 mu. The difference AD, between the observed optical densities and those 
calculated for no interaction (on the basis of results in Section A above) were plotted against 
the value of the mole ratio [U(VI)]/({(U(VI)} + [HSO,-]).. The results for representative 
wave-lengths are given in Fig. 1. A maximum was found for each wave-length at a mole ratio 
of 0-5. This value indicates that a complex of U(VI). containing either one sulphate or one 
bisulphate is formed in solution (Vosburgh, Joc. cit.). 
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To distinguish between these possibilities, we may consider the effect of changes in the 
hydrogen-ion concentration on the following equilibria : 


UO,** + HSO,- =— UO,HSO,* . . 2. we ew ew hw 6D) 
and UO,*+ + HSO,- =— UO,SO, + Ht se Ss ew oe os 
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If the complex is UO,HSO,*, its concentration will be virtually independent of acidity for a 
fixed concentration of sulphuric acid. If, on the other hand, the complex is UO,SO,, its 
concentration will increase as the acidity is decreased. Fig. 3 gives the relevant experimental 
results. The values of AD,, which give a measure of the concentration of complex, increase 
as the acidity is decreased. Clearly then, the complex species is UO,SO,, and the association 
constant is given by 

[UO,SO,)[H*]/[U0,**)[HSO,-] = K, 2. ee eee (18) 
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Since in this work, the acidity was fixed at 2-00M., it is convenient to define a new equilibrium 
constant K,, such that K, = K,[{H+], leading to 


[UO,SO,)/[UO,**][HSO,-] = K, . ....... (14) 


The value of the association K, was now determined, using two solutions 0-175 and 0-350m. 
in bisulphate. The acidity was fixed at 2-00m. in each, the U(VI) concentration at 0-020m., 
and the ionic strength at 3-48. Values of K, were calculated for 16 wave-lengths between 
420 my and 450 my, using equation (10). This led to an average value of 2-50 + 0-17 for K,,. 
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Extinction coefficients for the species UO,SO, were obtained from 340 to 500 my. The 
optical density of a solution 0-100m. in U(VI), 0-0824m. in bisulphate, and ionic strength 3-48 
was determined over this region, and E,() calculated from a knowledge of K, and E,(i) by 
using the appropriate form of equations (3) and (14). The result is given in Fig. 2. 

To check the validity of the foregoing treatment, two solutions were prepared with the same 
ionic strength and acidity as that used previously, but with different bisulphate and U(VI) 
concentrations. The optical densities of these solutions were compared with the values to be 
expected from a knowledge of E,(i), E,(i), and K,. The calculated and observed values for 
these solutions, together with other data, are given in Figs. 4 and 5. 
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In another series, the concentration of bisulphate was increased in steps up to 1-225m., 
with the concentration of U(VI) fixed at 0-020m. The observed and calculated optical densities 
for several wave-lengths are given as a function of the bisulphate concentration in Fig. 6. This 
result, together with those shown in Figs. 4 and 5, lends support to the correctness of the values 
of E,(i) and K,. Also, we conclude that no appreciable concentration of complexes other 
than UO,SO, exists in the range 0—1-22m-bisulphate. 
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(C) Complexes with Nitrate-—Preliminary experiments showed that nitrate formed a weak 
complex with U(VI). The method of continuous variations (Vosburgh, Joc. cit.) was then used 
to determine the formula of the complex species. Solutions were prepared 2-00m. in hydrogen 
ion, and the total concentration of U(VI) plus nitrate was fixed at 0-50m. The differences 
between the observed optical densities and those calculated on the basis of no complexing, 
showed maxima for every wave-length examined at a mole ratio [U(VI)]/([U(VI)] + [NO,-)) 
of 0-5. This result indicates that the complex species is UO,NO,*+. The association constant 
is given by 

(UO,NO,*]/[UO,**)[NO,-] = K, eee) SP det went ag 
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The value of K; was now determined in the manner described earlier, two solutions being 
used, viz., (i) 1-28m-nitrate, 0-0605m-U(VI1), and (ii) 2-56m-nitrate, 0-0609M-U(VI). The acidity 
was fixed at 2-00m. as before, and the ionic strength at 5-38. The average value of K, from 
14 wave-lengths was found to be 0-21+ 0-01. Extinction coefficients for the species 
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UO,(NO,)* are given in Fig. 7. Figs. 8 and 9 show the comparison between the observed and 
the calculated optical densities for two new solutions of U(VI) and nitrate. This agreement 
substantiates our values of E,(i) and Ky. 

A search was now made for other complexes at increased nitrate concentrations, for which 
it was necessary to change the ionic strength from 5-38 to 7:05. The association constant K, 
was re-determined at this ionic, strength, using a solution 0:040m. in U(VI) and 0-500. in 
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nitrate. K, was calculated from a knowledge of D,, E,(i), and E,(i), by using equations (3) 
and (4), together with the additional relation that 
[UO,*+*] = [UO,**+], — [UO,NO,*4)  . . « + + + + (16) 


[The subscript in this equation characterises the total concentration of U(VI), including that 
part bound in the complex.] These calculations were made for 15 wave-lengths, and gave an 
average value for K, of 0-270 + 0-007. 
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The concentration of nitrate was then increased in steps up to 6-95m., nitric acid and 
sodium nitrate being used. The hydrogen-ion concentration remained at 2-00m., and the 
ionic strength at 7-05. The observed optical densities for several wave-lengths are compared 
with those calculated on the basis of K, = 0-27 in Fig. 10. 

At higher concentrations of nitrate, the experimental values of the optical density, for every 
wave-length, are always slightly higher than those calculated. Although any one deviation in 
such comparisons can be explained by a relatively small experimental error (3—5%), it is 
unlikely that such a view will account for the small but systematic differences shown in Fig. 10. 
Either of two explanations may be suggested. First, small amounts of a more strongly coloured 
species, ¢.g., UO,(NO;),, may be present in solution at higher concentrations of nitrate. 
Secondly, an association ‘‘ constant’ which changes in value from 0:28 to 0-31 between 
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1-00m- and 6-95m-nitrate would account quite satisfactorily for the results in Fig. 10, without 
the necessity of considering the species UO,(NO,), at all. The latter explanation is, in our 
view, the more reasonable one, since K, depends on the activity coefficients of UO,*t, 
UO,NO,*t, and NO,-. Small differences in the values of these coefficients over this region 
are to be expected when the anionic contribution to the ionic strength is changed from entirely 
perchlorate at 0-0m-NO,-, to entirely nitrate at 6-95m-NO,-. In any case, much larger 
deviations between the experimental and calculated optical densities would have to be obtained 
before any reliable quantitative formulation of the phenomena could be made. 


CHEMISTRY BRANCH, RESEARCH Division, ATOMIC ENERGY PROJECT, 
NATIONAL RESEARCH CoUNCIL, CHALK RIVER, ONTARIO. [Read, March 29th, 1949.] 





S59. Stability of Complexes of Uranyl Nitrate with 
Ketones and Ethers. 


By A. R. MATHIESON. 


New complexes of uranyl nitrate with ketones have been prepared by dissolving 
UO,(NO,),,6H,O in the ketones, and subsequent crystallisation. Those formed by acetone 
and methyl ethyl ketone were shown by analysis to have the formula UO,(NO,),,3H,O, X 
(X = ketone). The vapour-pressure curves of evaporating solutions of the complexes in their 
own ketone as solvent, determined at different temperatures, enabled the energies of rupture of 
the ketone-uranyl nitrate bonds to be estimated. The formation by diethyl ether of a 
complex UO,(NO,),,3H,O,(C,H,;),0 was confirmed, and related compounds appear to be 
formed by Co(NO,);,6H,O with some ketones. The absorption spectra of organic solutions 
of the complexes were compared with that of UO,(NO,),,6H,O in water. The bearing of 
these results on the solubility of uranyl nitrate in the solvents under consideration is discussed. 


URANYL nitrate is soluble in a large range of organic solvents, most readily in alcohols, esters, 
ketones, ethers, and other oxygen-containing solvents. Uranyl salts are known to form many 
complexes with organic molecules (von Unruth, Diss., Rostock, 1909, 58; Rascanu, Amn. sci. 
Univ. Jassy, 1930—1933, 17, 131; Asahina and Dono, Z. physiol. Chem., 1930, 186, 133; 
Montignie, Bull. Soc. chim., 1934, [v], 1, 410; Pace, Arch. Farm. sperim., 1926, 42, 39). Uranyl 
nitrate will also form complexes with some of its solvents, such complexes having been 
reported by von Unruth (loc. cit.), who claimed to have prepared, by evaporation in dry 
air or in vacuo of the ethereal layer of a solution of UO,(NO,),,6H,O in ether, a complex 
UO,(NO,),,3H,O,(C,H,),0, and a further complex UO,(NO,),,2(C,H,;),0 from a solution of 
UO,(NO,),,3H,O in ether. From the system uranyl nitrate-ammonia-ether he claimed to 
have isolated four complexes, UO,(NO;),,2NH;, UO,(NO,),,2NH;,(C,H,;),0, UO,(NO,),,4NH;, 
and UO,(NO,),,3NH;,(C,H;),0. More recently, Chantrel (Diplome d’Etude sup., Rennes, 1948) 
prepared a number of such organic compounds of uranyl nitrate, including one with dioxan, 
and he considers it possible that hydrogen bonding might give rise to such organic complexes. 

The possibility of preparing these complexes by the method used by von Unruth 
was investigated, and the formation of two new compounds (i) uranyl nitrate—acetone tri- 
hydrate, UO,(NO;)3,3H,O,COMe, (m. p. 57°), and (ii) uranyl nitrate—butan-2-one trihydrate, 
UO,(NO,),,3H,O,COMeEt (m. p. 61°), was established by analysis. The stability of these 
compounds was assessed (a) by allowing them to decompose under various conditions, and 
(b) from the energy of rupture of the solvent-uranyl nitrate bonds, as determined from the 
vapour-pressure curves of evaporating solutions of the compounds. The heats of solution of 
UO,(NO,),,3H,O and of UO,(NO,),,3H,O,COMeEt in methyl ethyl ketone were measured and 
compared with those calculated from the vapour pressures, and the absorption spectra of some 
organic solutions of uranyl nitrate were compared with that of its aqueous solution. 

The behaviour of Co(NO,),,6H,O with ketones and ethers was also investigated to discover 
if any parallelism exists with the uranyl analogue. Cobalt nitrate was found to give a tri- 
hydrated complex with methyl ethyl ketone. 
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EXPERIMENTAL. 


Maiterials.—Uranyl nitrate hexahydrate was of ‘‘ AnalaR’”’ quality. The following solvents were 
purified by distillation : acetone, methyl ethyl ketone, diethyl ketone, methyl isobutyl ketone, diethyl 
ether, ditsopropyl ether, dibutyl ether. 

Preparation of Complexes.—Solutions of UO,(NO,),,6H,O in the solvents saturated at elevated 
temperature were allowed tocool. The resultant crystals were carefully and rapidly dried in a centrifuge 
and on filter-paper, more extensive drying being impossible owing to their labile nature. 

Analysis.—The —— were analysed for uranium by conversion into U,O, and weighing. This 
could be performed with a reproducibility of +0-2%, sufficient to indicate the formula of the complex, 
since addition or removal from the molecule of one of its lightest units, a molecule of water, caused 
a change of approximately 1-6% in the uranium content. Ketone content was determined by 
pumping off the volatile material and weighing the residue. Uvanyl nitrate—acetone trihydrate [Found : 
U, 47-0; acetone, 11-5. UO,(NO,),,3H,O,C,H,O requires U, 47-1; acetone, 11:5%). Uvanyl 
nitvate—butan-2-one trihydrate [Found: U, 45-8; C,H,O, 13-9. UO,(NO,),,3H,0,C,H,O requires U, 
45-8; C,H,O, 13-85%]. Uranyl nitrate-diethyl ether trihydrate [Found: U, 465-2. c. for 
UO,(NO,),,3H,O,C,H,,0 : U, 45-6%]. Analyses were also performed after exposure to dry air and to 
ordinary air for fixed times, to identify the decomposition products. 

The following table shows the results of analyses of the crystals obtained from solutions of 
UO,(NO,)3,6H,O in acetone, methyl ethyl ketone, ethyl ether, and dibutyl ether. The last does 
not form a complex under the experimental conditions. Diethyl ketone, methyl isobutyl ketone, 


Analyses of solvent complexes of uranyl nitrate. 


U, %&. Solvent, %. 
Complexing solvent. Treatment. Formula proposed. Found. Calc. Found. Calc. 
Acetone Drying UO,(NO,),,3H,O,COMe 47-0 47-1 115 11-47 
Methyl ethyl ketone Drying UO,(NO,),.3H,O,COMeEt 45:8 4583 13-9 13-85 
Exposed to dry air UO,(NO,),,3H,O 53-1 53-1 0 0 
Diethyl ether Drying UO,(NO,),,3H,0,Et,O 45:2 45-6 -- —_ 
: Exposed to dry air UO,(NO,),,3H,O 53-1 53-1 — — 
Dibutyl ether Drying UO,(NO,),,6H,O 474 474 0 0 


and diisopropyl ether appeared to form complexes, but the analyses did not indicate their formule 
unambiguously, and further investigation is necessary. All the complexes and uranyl nitrate hexa- 
hydrate revert to uranyl nitrate trihydrate when left in a desiccator for more than 24 hours. Ex 

to ordinary air, the three complexes in the above table first lose their solvent, as shown by an increase 
in the uranium content, and then absorb moisture until they approximate to UO,(NO,),,6H,O. 
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Vapour-pressure apparatus. 


Stability of the Complexes.—Vapour-pressure data. The vapour-pressure curves of the evaporating 
solutions of uranyl nitrate in the solvents were determined by using the apparatus shown in Fig. 1, 
which enabled part of the volume of vapour over the solution to be removed repeatedly, the solution 
replacing it by evaporation, and the vapour pressure to be read before each removal. The bulb (A), 
which contained most of the vapour to be removed, was replaceable by bulbs of different volume. The 
bulb (B), which contained the solution, was frozen in liquid air while the whole apparatus was thoroughly 
evacuated. One arm of the manometer was then closed, the liquid air removed and replaced by a 
Dewar vessel containing water at a fixed temperature, and vapour from the solution allowed to fill the 
apparatus as faras(C). Before a reading of the vapour pressure could be made, equilibrium conditions 
had to be attained, and though this was facilitated by soaking the solution on to cotton wool, thereby 
exposing a greater area, at least 24 hours were n for equilibrium to be reached. The vapour 
contained in (A) was repeatedly abstracted, and a reading of the vapour pressure taken each time, 
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allowing curves of vapour pressure against Lae of vapour removed to be plotted. The following 
2 


solutions were examined : (i) UO,(NO,),,6H,O in acetone at 19°; (ii) UO,(NO,),,3H,O,COMe, in acetone 
at 0° and 12°; (iii) UO,(NO,),,3H,O,COMeEt in methyl ethyl ketone at 0° and 12° (Fig. 2); (iv) the 
diethyl ketone complex in the ketone at 15°, 20°, and 25°; (v) UO,(NO,),,3H,O,Et,O in ether at 0° 
(Fig. 3). 

Fie. 2 shows the plot of vapour pressure against the quantity of vapour removed for the methyl 
ethyl ketone complex. The first flat portion (A—B) represents the equilibrium vapour pressure of the 
saturated solution. When only solid complex remains, further removal of vapour results in a sharp 
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reduction of pressure, and a new level (C—D) is formed representing the equilibrium pressure of a 
mixture of complex, trihydrate, and dihydrate. When all the solvent has been pumped off, a new 
pressure fall occurs, to a level representing the water-vapour pressure of the trihydrate—dihydrate 
equilibrium (E—F). The sharp fall from one plateau to the next shows that the phase change does not 
involve solid solutions of the complex with the trihydrate. 

Similar curves are obtained for the acetone complex. The steps for the diethyl ketone complex are 
much less sharp, though clearly recognisable, but with the ether complex there are no well-defined 
plateaux observable (Fig. 3). A summary of the vapour pressures is given in the following table. 
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Equilibrium vapour pressures and thermal data for ketone complexes of uranyl nitrate. 


Energy of 
Ketone v.p. Ketone v.p. Waterv.p.of rupture of Heat of re- 
of satd. of complex, trihydrate, U-X bond action B 


Complexing solvent. Temp. soln., mm. mm. mm. (Q,), keals. (Q,), kcals. 
Acetone 0-0° 21-50 5-36 1-25 — — 
6-0 — -- — ; 8-49 — 
9-5 — — == 8-53 —- 
12-0 26-22 10-32 3-28 — — 27-29 
15-5 — —- — 8-58 — 
19-0 37-21 15-21 5-79 — os 
Methyl ethyl ketone 0-0 14-55 3-12 1-25 — _ 
6-0 — — — 9-84 —- 
12-0 17-90 6-70 3-28 —_ — 26-34 
Diethyl] ketone 15-0 a 1-59 4-16 — —21-79 
17-5 — — _— 14-05 as 
20-0 _ 2-30 6-30 14-18 —— 
22-5 — a= — 14-30 — 
25-0 — 3-30 9-50 -- -= 


Energies of rupture of the uranyl nitrate—-ketone bonds can be calculated from the vapour pressures 
by means of the equation 


es (;- od 
Sp, ~ £573 \T, T. 
(where P, and P, are the partial pressures of ketone at T,° and T,°, respectively), and are the heats of 
the reactions : 
UO,(NO,),,3H,O, X(s) —_> UO,(NO,),,3H,O(s) a X(g) . . . . . (1) 


where X represents one mol. of ketone. The magnitude of these energies suggests that the bonds 
holding the ketone molecules are van der Waals forces, consistent with the labile nature of the crystals. 
The energies of bond rupture shown in this table include the heats of evaporation of the ketones. 

A logarithmic plot of the total vapour pressures of the complexes and of the trihydrate, against 
temperature, shows that the curves are of the usual type. 

e heat of formation of the trihydrate from the dihydrate can be calculated from the vapour- 
pressure curve of the former, 12-53 kcals. per mole of H,O being added. The most reliable existing 
data (Gmelin’s ‘‘ Handbuch ”’), calculated from heats of solution measured by de Forcrand (Compt. rend., 
1913, 156, 1207; Ann. Chim., 1915, [ix], 8, 25), give 13-36 kcals. per mole. 

Heats of solution. The heat of solution of UO,(NO,),,3H,O,COMeEt in the ketone, calculated from 
its solubility in the latter (3-24 g./g. at 6°) and the vapour-pressure data, is —12-2 kcals. per mole. 
Measured calorimetrically it is —1-30 kcals. per mole. It would appear from this that the process of 
crystallisation of the complex from its saturated solution in the ketone takes place in more than one 
step, only the first of which affects the vapour-pressure measurements. 

The heat of solution of uranyl nitrate trihydrate in methyl ethyl ketone was found to be 3-05 kcals. 
per mole, by calorimetric measurement. 

Heat relationships between the complexes and UO,(NO,),,6H,O. In addition to giving a measure of 
the stren of the ketone-uranyl nitrate bonds, the vapour pressures will also yield the heat 
relationships between the complexes and the hexahydrate in the presence of their decomposition products: 


UO,(NO,),,6H,O(s) + X(g) —> UO,(NO,),,3H,O,X(s) + 3H,O(g) + Q,- - - (2) 
Q, may be calculated from the equations 
UO,(NO,),,6H,O(s) —> UO,(NO,),,3H,O(s) + 3H,O(g) — 35-79 (de Forcrand, Joc. cit.) 
UO,(NO,),,3H,O(s) + X(g) —> UO,(NO,),,3H,O,X(s) + Q, 


The values of Q, for three solvents are shown in the foregoing table, and the reaction is seen to be 
endothermic in the sequence acetone > methyl ethyl ketone > diethyl ketone, the reverse order of the 
stability of the complexes. 

Absorption-spectra Measurements.—The absorption tra of the following solutions were measured 
by means of a spectrophotometer : (i) UO,(NO,),,3H,O,COMe, in acetone; (ii) UO,(NO,)j,,3H,O,COMeEt 
in the ketone; (iii) UO,(NO,),,3H,O,Et,O in the ether; (iv) UO,(NO,),,6H,O in water. Fig. 4 shows 
plots of wave-length (my.) against extinction coefficient for the four solutions. It is seen that the peaks 
7 the — organic solutions are higher than those of the aqueous solution and are shifted towards the 
ultra-violet. 

Behaviour of Cobalt Nitrate.—The behaviour of Co(NO,)3,6H,O with ketones and ethers was cursorily 
investigated to discover if it was analogous in any way to that of UO,(NO,),,6H,O. It is insoluble in 
ethers, but soluble in the ketones, though to a markedly smaller extent. 

Attempts to prepare complexes from the solutions in the same way as the uranyl complexes were 
unsuccessful, so saturated solutions of the hydrated salt in the four ketones were treated with xylene 
until precipitation was complete. The precipitates were dried by centrifugation, gl on be and 
treatment with chloroform. Addition of xylene to the solutions produced the following phenomena : 

Acetone. A lower layer of dark red, apparently supersaturated liquid appeared which slowly 
crystallised im large orange-pink crystals of Co(NO,),,6H,O. 
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Methyl ethyl ketone. Similar treatment produced a 


mtly colourless flakes seen on d: 
orange-pink and of consistency [Found: Co, 


ethyl isobutyl ketone. A fresh solution produced pale orange-pink flakes, exactly like the preceding 
ss but a 2-day-old solution gave a pale grey-green powder. Two different substances seem to be 
ormed here. 


Dieth 


: yl ketone. The precipitate was grey-green like that obtained from the foregoing 2-day-old 
solution. . 


Fic. 4. 
325 





30 
28 
26 
24 











I . Methyl ethyl ketone solution. 
IT. Acetone solution. 
I, Diethyl ether solution. 
IV. Aqueous solution. 
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Conclusions.—Complexes crystallise directly from solutions of uranyl nitrate hexahydrate 
in the solvents, and as their stability is of the same order as that of uranyl nitrate trihydrate, 
it may be that this complex formation is a principal cause of the solubility of uranyl nitrate in 
the solvents. This view is supported by the fact that dibutyl ether, which forms no complex 
under the conditions examined, will dissolve uranyl nitrate only sparingly. The fact that 
dibutyl ether will dissolve some uranyl nitrate shows that complex formation cannot be the only 
factor operating, and this is supported by the work of Misciattelli (Gazzetta, 1930, 60, 839) and 
Guempel (Bull, Soc. chim. Belg., 1929, 38, 449), who found that ether will dissolve much more 
uranyl nitrate when saturated with water than when dry, and that uranyl nitrate has a 


considerable “ salting-in ” effect on the mutual solubilities of ether and water, generally the case 
with a solute soluble in both liquids. 


There is also some evidence to show that complexes 
between uranyl nitrate and the solvents, formed in the absence of water, are more stable, but 


such complexes could not exist in the water-saturated solutions in which uranyl nitrate is much 
more soluble. 


- J thanks are due to the director of A.E.R.E. for permission to publish this paper. 
grea 


I am also 
indebted to Dr. E. Glueckauf, who suggested the work, and to Mr. H. A. C. McKay for much 
valuable help and advice, and to Mr. J. Sutton for his interest and co-operation. 


Atomic ENERGY RESEARCH ESTABLISHMENT, 
HARWELL, Dipcot, BERKS. 


(Read, March 29th, 1949.) 





ing to be 
9-10 + 0-01. Co(NO,),,3H,0,C,H,0 requires 
Co, 19-1%], totally unlike Co(NO,),,6H,O. Analysis was by conversion into the black oxide mixture, 
— into the sulphate by sulphuric and sulphurous acid at 400°, and baking at 550—700° to constant 
weight. 
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$60. The Formation of Complex Ions in Uranyl Sulphate Solution.* By T. V. ARDEN. 


A stupy made in this laboratory of the reactions of uranyl sulphate with calcium hydroxide and 
other alkalis throws light on the nature of the complex ions present in uranyl sulphate solutions. The 
curves obtained as a result of potentiometric and conductiometric titrations, resemble those obtained 
by Sutton (this vol., p. S 275), but the first precipitate occurs when 0-75 equiv. of alkali has been added. 
If the solutions are set aside at this point, the pH readings fall, with an increase in the quality of the 
precipitate, during two weeks. Inflexions on the curves occur at }, }, 1, 1}, and 1% equivs. of calcium hydr- 
oxide, indicating the formation of UO,SO,,U,0,*t, (UO,°OH),SO,,2U,0,-OH*, UO,(OH),,U,0,(OH),, 
CaO,4U0,, and 3CaO,8U0,. The last two compounds, which are different from the corresponding 
sodium salts, can be explained on the basis of the ions U,O,(OH),~ and U,0,(OH),-~ postulated 
by Sutton, by assuming a composition corresponding to the structure (Ca0,2U0,)(Ca0,6U0,) and 
(Ca0,2U0,)(2Ca0,3U0,} —CHEMIcaL RESEARCH LABORATORY, TEDDINGTON, MIDDLESEX. [Read, 
March 29th, 1949.] 





S61. The Activity Coefficient of Uranyl Nitrate in the Presence 
of Sodium Nitrate. 


By E. Giuecxaur, H. A. C. McKay, and A. R. MaTtuHIEson. 


The activity coefficient y, of uranyl nitrate in presence of sodium nitrate has been measured 
by a solvent-extraction method, using a technique of circulating an organic uranyl nitrate 
solution through a series of aqueous solutions. At constant ionic strength it has been found 
that log y, varies linearly with the sodium nitrate molality. Thermodynamic arguments 
show, however, that log y,, where y, is the activity coefficient of the sodium nitrate, cannot be a 
simple linear function of the uranyl nitrate motatity. vio\a\ 4: 


THERE have been few determinations hitherto of the activity coefficients of the individual 
electrolytes in mixtures of strong electrolytes. The difficulty is to find suitable methods : 
E.M.F. measurements can be used in a limited number of cases, e.g., for hydrochloric acid in 
presence of chlorides, and a certain amount of information can be obtained from solubility 
measurements (Harned and Owen, “‘ The Physical Chemistry of Electrolytic Solutions,” 
Reinhold, New York, 1943, Chap. 14), but general methods applicable to all electrolytes are 
lacking. 

Uranyl nitrate is a favourable case on account of its solubility in organic solvents such as 
ethers and ketones. Its activity in mixed nitrate solutions can be determined by partition 
experiments with such solvents. If two aqueous solutions A and B come to equilibrium with 
the same concentration of uranyl nitrate in the organic phase, then A and B contain uranyl 
nitrate at the same activity. If A is a pure uranyl nitrate solution, this activity is already 
known from isopiestic work (Robinson, Wilson, and Ayling, J. Amer. Chem. Soc., 1942, 64, 
1469). We know, therefore, the activity in solution B, which may be a mixed nitrate solution. 
The organic phase acts, as it were, as a semipermeable membrane between solutions A and B, 
through which uranyl but not other nitrates can come to equilibrium. 

For the mixed solutions of uranyl nitrate and sodium nitrate employed in the present work, 


the theory is as follows. Let the m’s be molerities 


; and the y’s mean total activity coefficients, 
and let subscripts 1 and 2 refer to uranyl nitrate and sodium nitrate respectively. Then the 
activity of uranyl nitrate in a mixed solution is m,(2m, + m,)*y,*. Fora series of “ iso-active ”’ 
solutions, this quantity is a constant. In particular, if one of the iso-active solutions contains 
no sodium nitrate we have 

90 4(2oe, + mg)*y,® = 4mty,® 2. 2 1 www we Ce «(LY 


where m, and y, refer to the pure uranyl nitrate solution. Since y, is known as a function of m, 
this equation enables us to determine y,. 

Among the conditions for success are: (1) Low solubility of the organic solvent in the 
aqueous phase; otherwise the solvent may modify the solute activities. (2) Low solubility 
of water and of the second nitrate in the organic phase; otherwise it may not be possible to 
assume that the activity of uranyl nitrate in the organic phase is a function only of its 
concentration in that phase. (3) For practical reasons, uranyl nitrate partitions that are not 
too heavily in favour of the aqueous phase. Solvents which appear to fulfil these conditions 
are dibutyl and higher ethers. 


* Contribution to the Discussion of paper No. S 59, “‘ The Hydrolysis of Uranyl Salts,” by 
J. Sutton. 
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Rather surprisingly, partition experiments have been little used hitherto for the determination 
of activity coefficients in aqueous solution; yet the principle employed in the present work is 
well known in metallurgy for the determination, for instance, of the activity coefficient of FeO 
in slags consisting of FeO, SiO,, CaO, and MgO, where partitions of FeO with molten iron are 
measured (Chipman, Faraday Soc. Discussion, No. 4, 1948, p. 23). 


EXPERIMENTAL. 


The apparatus is shown in the figure. A solution of uranyl nitrate in the organic solvent was 
circulated through a series of tubes containing mixed aqueous solutions of uranyl nitrate and sodium 
nitrate at different concentrations. The first tube contained uranyl nitrate only. In each tube, uranyl 
nitrate was transferred from the organic solvent into the aqueous solution, or in the opposite direction, 
until equilibrium had been achieved. Thereafter, the organic solution passed through the apparatus 
unchanged, and it could be assumed that the uranyl nitrate activity was the same in all six 
tubes. Analysis of the six solutions then gave the data required. 
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Apparatus for equilibration of solutions. 


Materials.—The ethers used as solvents were commercial products which were purified by distillation, 
followed by treatment with alkaline permanganate until no further reduction occurred; finally, they 
were washed with water. The nitrates were ‘‘ AnalaR ”’ grade materials, and were not further purified. 

Solutions.—The apparatus was filled initially with a series of solutions known to be approximately 
in equilibrium with the organic uranyl nitrate solution. The concentration of uranyl nitrate decreased, 
and that of sodium nitrate increased from left to right in the figure. The first tube on the left-hand 
side contained pure uranyl nitrate solution. 

Equilibrations.—The organic solution was allowed to flow through the apparatus at 5—10 ml./minute. 
For the first hour or so the apparatus stood on the bench, and then for a further hour at least it was 
immersed in a thermostat at 25°. Before it was placed in the thermostat, the rubber bungs were 
removed, and the solutions stirred. This was to overcome a minor design defect, viz., the existence of 
a small “‘ dead ”’ volume of aqueous solution at the base of each tube, which did not automatically mix 
with the bulk. 

No visible entrainment of aqueous phase by the organic phase could be detected, and both phases 
remained perfectly clear throughout. 

Two tests were made to check the completeness of the equilibrations. On one occasion the organic 
solution which had — through the apparatus was compared colorimetrically, by means of a Spekker 
absorptiometer, with that being fed in. After only 30 minutes’ running, no composition change could be 
detected. The second check was made as follows. At the start of the run, the fourth, fifth, and sixth 
tubes were filled respectively with the same solutions as the first, second, and third tubes. All the 
solutions were analysed as usual at the end of the run with the following results : 


Molafities, Molafities, 
Tube no. UO,(NO,),. NaNO. Tube no. UO,(NO,),. NaNO,. 
1 1-075 — 4 1-053 — 
2 0-676 2-35 5 0-658 2-33 
3 0-283 5-25 6 0-290 5-16 
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The agreement of the analyses for the respective pairs of tubes indicates that equilibrium had been 
attained. 

Analyses.—Uranium was precipitated with tannic acid, and weighed as U,O,. Sodium was weighed 
as sodium zinc uranyl acetate. The accuracy of the individual analyses is estimated as +2%. 


RESULTS AND DISCUSSION. 


The results are given in Table I. The solutions in each run are iso-active in urany] nitrate. 
The activity coefficients have been calculated according to equation (1), using the figures in 
Table II for y,, which contains the results of Robinson, Wilson, and Ayling (loc. cit.) reduced 
by a constant factor in accordance with the later work of Stokes (private communication based 
on Trans. Faraday Soc., 1948, 44, 295). 





TABLE I. 
‘iti Molafities, eae Molafities, 
no. UO,(NO,),. NaNO,. uy. 1 Oa no. UO,(NO,),;. NaNO,. uy. Y1- O49. 
0-796 — 2:38 0-630 — 1-064 — 3-19 0-735 a 
0-531 1-067 2-66 0-612 0-035 5 0-667 2-34 4-34 0-652 0-066 
1 0-381 2-20 3:35 0-574 0-055 0-287 5-21 6-07 0-721 0-051 
0-192 3-38 3-96 0-650 0-035 1-285 — 3-86 0-840 — 
0-161 4-43 4-91 0-617 0-052 1-110 0-945 4-28 0-794 0-065 
0-828 — 2-49 0-641 — 6 0-921 1-910 4-67 0-805 0-048 
0-600 1-076 2-88 0-598 0-057 0-774 3-06 5-38 0-758 0-059 
2 0-432 2-06 3-36 0-585 0-055 0-571 4-09 5-80 0-797 0-051 
0-291 3-17 4-04 0-592 0-054 0-418 5-53 6-78 0-831 0-059 
0-187 4-12 468 0-635 0-047 1-359 — 4-08 0-878 — 
0-1122 5-21 5-55 0-721 0-042 1-188 0-987 455 0-828 0-069 
0-933 — 2-80 0-678 — - 0-975 2-06 4-99 0816 0-055 
0-693 1-089 3-17 0-642 0-052 0-807 3-15 5-57 0-810 0-054 
3 0-516 2-03 3-58 0-634 0-048 0-639 4-19 6-11 0-830 0-049 
0-362 3-20 4-29 0-634 0-047 0-469 6-42 7:83 0-847 0-053 
0-247 4-22 4:97 0-668 0-053 1-731 -- 5-19 1-106 — 
0-1456 5-42 5-86 0-741 0-043 1-545 0-956 5-59 1-071 0-050 
0-998 — 2-99 0-705 — 8 1-373 2-01 6-13 1-044 0-047 
0-793 0-886 3-27 0-678 0-047 1-210 3-17 6-79 1-030 0-054 
4 0-611 1-875 3-71 0-662 0-048 1-041 4-64 7-77 1-031 0-054 
0-426 3-03 4-31 0-669 0-046 0-758 5-93 8-20 1-116 0-042 
0-333 4-05 5-05 0-668 0-051 
0-232 5-50 6-19 0-693 0-050 


Added in proof, 22.11.49. It has lately been found that each molecule of uranyl nitrate carries four 
water molecules into solution in the solvents used. The assumption that water is not significantly soluble 
in the organic phase in our oe pang was therefore invalid. The fourth power of the appropriate 
water activity should thus be ed on each side of equation (1). The values of y, and a,, in Table I 
have been corrected to the new basis. A full account will be published later. 


TaBLeE II. 
Uranyl nitrate. 
MalatIEY  ...ccscccrccasecse 0-8 1-0 1-2 1-4 1-6 1-8 2-0 
P sesecescsescencesocesosoons 0-632 0-706 0-796 0-899 1-018 1-153 1-297 


Now, it is often assumed that when the proportions of two electrolytes in a mixture are 
varied at constant total ionic strength, then the logarithms of their activity coefficients vary 
linearly, i.e., 

log y, = log yyuqy—19g- se le lt lt lw hl Ce 8) 


log yo = oS ymn—OnM 2 ll tl tl tl ele 


where the y's are the activity coefficients of the pure solutes at the ionic strength py of the 
mixture, and the «’s vary slightly with y, but are otherwise constant. Experimental evidence 
shows that in certain cases (3) holds to a high degree of accuracy (Harned and Owen, op. cit., 
p. 459). Values of «,, have accordingly been calculated from our results, and are given in the 
last columns of Table I. It should be noted that these are independent of the constant factor 
introduced into Table II, which affects y, [calculated from equation (1)] and y 9, equally. 

The accuracy of any given «,, value is roughly proportional to m,. The later values on any 
run are therefore more accurate than the earlier. The weighted mean of all the results is 
0-051 + 0-001 (standard deviation). 

U2 
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No significant trend in the «,, values can be detected, either with » or with m, or m, 
separately. 

It can therefore be concluded that equation (3) holds within the experimental error for mixed 
solutions of uranyl nitrate and sodium nitrate. It must, however, be remarked that, owing to 
the scatter of the results, a variation of «,, by, say, + 0-005 over the whole range would probably 
pass undetected. 

If equations (3) and (4) both hold, then «,, can be calculated from the equation 


6 fume 
Bai — ey = oo |, Hd 108 Yala" Witenes Le ee 


which holds for a mixture of a 2: 1- with 1 : l-electrolyte. Equation (5) is obtained by inserting 
(3) and (4) into the Gibbs—Duhem relation, and is the analogue of Harned and Owen’s equation 
(14-5-8), which applies to two 1: l-electrolytes (Harned and Owen, op. cit., p. 453). The 
expression on the right-hand side of (5) varies somewhat with p» in the uranyl nitrate-sodium 
nitrate system : 
At p = 3, 3a,, — 20, = oan (6) 
At p = 6, 3a,, — 2a, = 0-420 


With the experimental value of «,, = 0-051, the corresponding values of «,, would be —0-168 
and —0-134, respectively. 

There is, however, another consequence of equations (3) and (4) which appears to have been 
overlooked hitherto. It is a thermodynamic necessity that 


3(2 log y,/0m4)m, = 2(2 log ¥2/0m)mn, 


(The numerical coefficients are the numbers of ions from a 2: 1- and a 1: 1-electrolyte, 
respectively.) Since u = 3m, + m,, this can be rewritten as 


(8 log ¥1/O4)m, = 2(8 log y5/0)m, 
Hence from (3) and (4) 


da d lo d 

— (» — 3m) = 2528 — $a, — 2m, 

Since the y's and the «’s are functions of 4 only, it follows that the coefficient of m, in this 
equation must vanish, 7#.e., 


ees re a a a ee 


(3a, + 2«,,) should therefore be a constant for all values of p. 
It is difficult, for the uranyl nitrate-sodium nitrate system, to reconcile this requirement 
with equations (6). We have 
3Aa,, — 2Aay, =— 0-068 
3Aa,, + 2Aa,, = 0 


where the A’s refer to changes between 4 = 3 and w= 6. Hence Aa,, = —0-011 and 
Aa,, = 0-017. 

The a, results, despite their scatter, hardly permit a decrease as large as 0-011 between 
p = 3andp=6. The only alternative is to abandon the linear relationship (4) for the activity 
coefficient of sodium nitrate in presence of uranyl nitrate. This means that none of the 
subsequent equations can be applied in this case. 

It may be noted, too, that Glueckauf’s recent expressions (Nature, 1949, 163, 414) for a, 
and a,, are inapplicable unless both (3) and (4) are valid, and there is therefore no point in 
comparing the predictions of his theory with the present experimental data. 

The arguments used here are of far-reaching consequence, and it is intended to elaborate 
them more generally in a future paper. 


The authors are indebted to the Director, Atomic Energy Research Establishment, for permission 
to publish this paper, to Miss R. Jenkins and Miss V. Mitchell for much of the analytical work, and to 
M. G. Beadle for preparing the pure solvents. 


AToMIC ENERGY RESEARCH ESTABLISHMENT, 
HARWELL, Dipcot, BERKs. [Read, March 29th, 1949.] 
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S62. The Oxides of Uranium. 


By K. B. ALBERMAN and J. S. ANDERSON. 


Phase yee in the uranium-—oxygen system between the composition limits UO, and 
UO,., have been investigated in detail with regard both to the structure of the phases formed 
and to the kinetics of their formation from UO, and oxygen. 

The dioxide, which possesses a fluorite structure, will take up oxygen at temperatures below 
230° to a composition UQO,., without change of structure or appreciable change of cell 
dimension. Oxides in this composition range disproportionate, when annealed at high 
temperature, into two well-defined cubic phases, viz., UO, and a phase of composition close to 
UOg.s (“* B-UOy phase”). 

Oxides in the composition range UO,..—UO,., prepared below 230° have a tetragonal 
structure with axial ratio c/a changing progressively with composition; these oxides 
disproportionate on heating into the B-cubic phase and a U,O,-like phase. 

Kinetic studies of the oxidation process suggest that oxidation proceeds by way of a 
diffusion-controlled reaction in a solid phase of variable composition. 

These studies suggest a general similarity between the oxides of uranium and those of 
molybdenum and tungsten. 


URANIUM, like its congeners in Group VI of the Periodic Table, forms a large number of oxides, 
the relations between which have not yet been fully established. Biltz and Miiller (Z. anorg. 
Chem., 1927, 168, 257), whose systematic study of the whole system summarises the position 
at that date, found that between the highest oxides UO, and U,O, there was a considerable 
measure of mutual solid solubility; their conclusion that the U,O, phase exists over a range of 
composition on both sides of the ideal formula appears to be substantiated by more recent 
work. 

Between U,O, and the well-defined dioxide, there is evidence for the existence of one or 
more intermediate oxides, but there has been little agreement on the compounds actually 
formed. Diuranium pentoxide, U,O,, has been reported by Péligot (Ann. Chim. Phys., 1842, 
5, 23), Oechsner de Coninck (Bull. Soc. chim., 1903, 28, 6), and Schwartz (Helv. Chim. Acta, 
1920, 3, 344), but its existence has not, until recently at least, been established (cf. Ebelmen, 
Ann. Chim. Phys., 1842, 5, 200; Rammelsberg, Pogg. Ann., 1843, 59, 6; Remeté, ibid., 1865, 
124, 126; Zimmermann, Alibegoff, and Kruss, Annalen, 1886, 232, 283). It does not appear 
as an intermediate step in the tensimetric degradation of U,O, (Biltz and Miiller, Joc. cit.) or in 
the reduction of U,O, (Lebeau, Compt. rend., 1922, 174, 388; Jolibois and Bossuet, ibid., p. 386). 
More recently, Lydén (Finska Kemist. Medd., 1939, 48, 124) has reported its formation by the 
selective leaching of UO}* ions from U,O,. Rundle, Baenziger, Wilson, and MacDonald 
(J. Amer. Chem. Soc., 1948, 70, 99) have, apparently conclusively, characterised as U,O, the 
product of reaction of equimolar quantites of UO, and U,O,. The oxides UO,;, U,O,, and 
U,O, have a close structural relationship, being apparently based on a common framework 
of uranium atoms in the crystal lattice. We have found, in agreement with Rundle and his 
co-workers, that the reaction of UO, with U,O, at 1000° forms a U,O,-like oxide, and it is clear 
that, contrary to the view expressed by Gronvold and Haraldsen (Nature, 1948, 162, 69), 
U,O, is quite distinct from the tetragonal UO,-like phase discussed at length below. 

Uncertainty also exists as to the possible range of composition of the UO, phase, and of the 
oxides related to it. Biltz and Miiller (Joc. cit.) found that in the reduction of U,O, there was 
a discontinuity at a composition about UO,.,;, and also that material having a similar 
composition was perceptibly volatile; they were, however, unable to detect any differences 
between the X-ray diffraction pattern of this material and that of pure UO,. The latter is 
very readily oxidised at comparatively low temperatures, depending on its particle size. Finely 
divided material may, indeed, oxidise at the ordinary temperature (Hofmann and Héschele, 
Ber., 1915, 48, 21). Jolibois (Compt. rend., 1947, 224, 1393) observed that the oxidation of 
UO, at 220° came to a halt at the composition UO,.;, (U,;O,) and proceeded further, to U,0O,, 
only above 300°. The intermediate oxide, U,O,, he found to give an X-ray diffraction pattern 
like that of UO,, but with additional lines. More recently, Gronvold and Haraldsen (loc. cit.) 
have stated that material prepared by Jolibois’s method has a tetragonal structure, related to 
that of UO,—a conclusion which we had already reached when Gronvold and Haraldsen’s note 
appeared—but with the composition UO,.49, the UO, phase itself extending over a range of 
composition up to UQOg,.33;. Rundle and his co-workers, however, assign to the UO, phase a 
limit of composition about UO,.,,, well characterised by its cell dimensions. In neither case 
is evidence advanced as to the constitution of oxides intermediate between stoicheiometric UO, 
and the upper limit of composition. 
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This paper is based upon a detailed study of the course of oxidation of UO,, and of the thermal 
stability of the products obtained thereby. It shows that the observations of Biltz and Miller, 
Rundle et al., Jolibois, and Gronvold and Haraldsen are each broadly correct, though the 
composition limits assigned to the several phases, notably by Grenvold and Haraldsen, have 
not in every cases been confirmed. A tentative phase diagram can be advanced, showing the 
existence of two phases of variable composition which are either the stable phase at low 
temperatures (< 250°) or, probably, altogether metastable with respect to UO, itself (here 
designated the a-UO, phase), and a second cubic oxide, related to UO,, here termed the 8-UO, 
phase, which exist at high temperatures. The sections of the work described in this paper cover 
an extensive X-ray study of the UO, system, together with some preliminary results on the 
kinetics of the oxidation of this oxide. A fuller discussion of the reaction kinetics in the 
system will be given later. 


EXPERIMENTAL. 


Preparation of Oxides.—The starting material for the various oxides prepared during this work was 
a very pure e of UO,. This oxide had a nominal particle size of 5 u. An examination with the 
electron microscope, kindly carried out for us by Dr. C. S. Lees, of the General Physics Division, 
A.E.R.E., revealed, however, that the 5 y.-particles were themselves secondary aggregates of much 
smaller particles. The primary particles appeared to be well-formed crystallites, 0-1—0-2 yp. or less 
in size, their outline suggested (100) and (111) as the most frequently developed faces, and 
paoes cone nas | cubes were common. The ultramicroscopic crystals of UO, closely resemble the 
macroscopic habit of fluorite, as figured in Miers’s ‘‘ Mineralogy.’” Oxides of known composition were 
prepared from this material by oxidising it in air or oxygen in a thermostatically controlled oven at 
temperatures between 120° and 250°. The UO, was spread in a thin layer in silica or aluminium dishes 
and the composition was calculated from measurement of the increase in weight. The compositions 
given are probably accurate to +0-001 atom of oxygen per formula weight. Some of the specimens 
were obtained in the course of kinetic measurements and their oxygen content was determined from gas 
volumetric data. 

Treatment of Oxides.—X-Ray diffraction studies were made of the oxides: (a) As prepared, without 
subjecting them to any process of homogenisation—these materials give, nevertheless, every evidence 
of being single-phase materials. (b) After subjection to annealing processes at high temperatures. 

For prolonged annealing, the oxides were sealed in evacuated silica tubes. Shorter annealings were 
carried out in dynamic vacuum, at temperatures from 500° to 1000°. Heatings above 1000° were carried 
out in zirconia crucibles in a small tungsten-spiral vacuum furnace. In annealing processes carried out 
in a sealed tube, any oxygen evolved by the material was retained in the system, so that the net 
composition was not altered. In the vacuum-furnace annealings, especially at the high temperatures, 
phases with an appreciable dissociation pressure of oxygen were ultimately degraded to UQO,. 

X-Ray Measurements.—Samples were ex in thin-walled Pyrex capillaries of about 0-3-mm. 
bore, most of the work being done on a 9-cm. Unicam camera. The annealed oxides gave good 
resolution of the copper Kz,—Kq, doublet. With the unannealed oxides, the patterns were rather 
diffuse, but the high-angle reflections were usually suitable for measurement. The lattice parameter 
of the cubic phases was in every case extrapolated by Jay and Bradley’s method (Proc. Physical Soc., 
1932, 44, 563). The precision of the final values is probably +0-002 X.U. The tetragonal phases 
were photographed on a 19-cm. Unicam camera. Since the departure from cubic symmetry is only 
very small, the photographs could conveniently be indexed by reference to the basic UO, diffraction 
pattern, the measurements being ultimately combined by a “‘ least squares ’’ method to find the axial 
ratio. These materials were necessarily prepared in every case at low temperatures, and gave patterns 
with diffraction lines rather too broad for optimum measurement. The axial ratios and cell dimensions 
of the tetragonal phase are accordingly rather sensitive to experimental errors. 


DISCUSSION. 


The following table summarises the relation between composition, thermal history, 
constitution, and cell dimensions for preparations ranging in composition between UO, and 
UO,.;. It is convenient to discuss the constitution of the annealed and the unannealed 
preparations separately; since the unannealed oxides show a change from cubic to tetragonal 
symmetry at some composition around UOQ,.,, the discussion of the low-temperature oxides has 
been further subdivided. 

(I) Low-temperature Oxides in the Composition Range UQOg,.9 to UOg.99.—Oxides having 
compositions in this range are cubic; their diffraction patterns show no displacement, 
systematic broadening, or changes in the relative intensity of the lines. Hence the fluorite 
structure of UO, persists without significant change in cell dimension. The evidence favours 
the view that they are single-phase materials, and not mixtures of UO, with a higher oxide. 
(i) There is no X-ray evidence for the presence of a second phase throughout this composition 
range. Neither the change of intensity with composition nor the diffuseness of the diffraction 
patterns indicates that such oxides are made up of mixtures of unchanged UO, with amorphous 
oxidised material. (ii) The kinetics of the oxidation process follow the course of a reaction 
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Detail of preparation. 


Time of Phases Cell dimensions. 
Temp. heating. Nature of preparation. present. a. C. 
1300° 15 min. Continuously evacuated UO+a 5-457 
system 
1300 15 min. - U0 +a 5-455 
1385 1 hr. - UO+a 5-458 
= Starting material a 5-456 
131 End-product of kinetic a 5-457 
run 
170 - 5-458 
1000 2 Continuously evacuated 5-428 
system 
1000 . Evacuated sealed silica 5-458 


tube 5-433 
End-product of kinetic 5-456 
run 


Continuously evacuated 5-457 
system 5-441 
is 5-457 
5-432 
mn 5-458 
- 5-458 
End-product of kinetic 5-457 
run 
‘ 5-456 
Evacuated sealed silica 5-460 
tube 5-436 
End-product of kinetic 5-455 
run 
5-457 
5-452 
5-456 
os 5-456 
Evacuated sealed silica 5-433 
tube 
Continuously evacuated 5-457 
system 
End-product of kinetic 5-457 
run 
Continuously evacuated 5-457 
system 
o (a) +B 5-459 
5-431 
End-product of kinetic Y _ 
run 
y (19 cm.) 5-429 
a + U,0, 5-459 


y ac. 
y(19cm.) 5-420 


” Y — 
Evacuated sealed silica B + U,O, 5-428 
tube 
Continuously evacuated B + U,O, 5-428 
system 
Withdrawal from kinetic y (19 cm.) 5-397 
run 


” Y 
End-product of kinetic y 


run 
Continuously evacuated B + U,O, 


system 
End-product of kinetic y (19 cm.) 
run 


” Y 
Evacuated sealed Pyrex B + U,O, 
tube 


Evacuated sealed silica B + U,O, 
tube 

Continuously evacuated f + U,O, 
system 
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having diffusion within the solid phase as the rate-determining step, rather than the kinetics of 
a reaction proceeding at an interface between two phases (see below). (iii) The extent to which 
oxidation proceeds at low temperatures is strongly suggestive that nucleation of a second solid 
phase is not necessary. Our results agree entirely with those of Jolibois in that the oxidation 
process at temperatures up to 200—300° proceeds without discontinuity up to the composition 
UO,., and then ceases, although such an oxide is in no way in equilibrium with the oxygen of 
the atmosphere. Hence, the further oxidation of UO,., must involve some step associated 
with a measure of chemical inertia. This step may probably be identified as that of nucleation 
with a new structure, namely, that imposed by the different arrangement of uranium atoms in 
the U,O, (—U,0O;) phase. Reaction up to that point can proceed by way of a diffusion process 
within the solid phase; reaction beyond that point involves establishing nuclei of U,O,. 

(II) Low-temperature Oxides in the Range UOg..9 to UOg-39.—The diffraction patterns of 
oxides having compositions between UQ,., and UO,., can, as stated by Jolibois (loc. cit.), be 
described as that of UO, with extra lines. The changes in intensity, and the position of the 
additional lines indicate that (hhh) lines are intact, whereas (hk/) lines are split up into several 
components. The photographs can, in fact, be satisfactorily indexed in terms of a tetragonal 
structure with c/a ratio close to unity, and changing progressively with composition. The 
relation between cell dimensions and composition is summarised graphically in Fig. 1. A 
characteristic feature is the constant length of the cell diagonal, which is made up additively 
of 2(r5 + 275). At the same time, the volume of the unit cell shows a small, but real, tendency 
to shrink from the value 162-6 + 0-5 XU.3 for UO, to 161-1 + 0-5 XU.* for UOg.s93. 

The tetragonal structure was not observed for any oxide lower than UO,.9, the first 
evidences of the characteristic changes in contour and intensity of the diffraction lines being 
observed with an oxide of that composition. Extrapolation of the data in Fig. 1 suggests that 
c/a would be unity at about UO,,.,,. It is not clear whether, in the oxidation process, there is a 
continuous transition between the cubic and the tetragonal phases or whether there is a phase 
discontinuity at about UO,.,. It is quite possible that the tetragonal cell recorded is not the 
true cell, but no diffraction lines corresponding to a larger cell have been observed 
experimentally. 
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The oxidation of UO, at low temperatures thus forms, successively, two closely related 
non-stoicheiometric phases: the cubic oxides UO,.,.-UO,.,. and the tetragonal oxides 
UO,.,-UO,.;. Both of these are to be considered as defect structures, containing a stoicheio- 
metric excess of oxygen which might be incorporated in either of two ways: (a) by omission of 
a proportion of cations, or (b) by the incorporation of interstitial oxygen ions. 

The third general mode of accommodating an excess of one component—substitutional solid 
solution, with oxide ions occupying lattice sites proper to uranium cations—can safely be ruled 
out of consideration in a polar structure of this kind. Defect structures based on the fluorite 
crystal lattice have already been extensively studied, in the form of anomalous mixed crystals 
between compounds of the types AB, and AB,., (anion deficiency) or AB, and AB, (anion 
excess, as compared with the ideal structure AB,). There is, as pointed out by Zintl and 
Croatto (Z. anorg. Chem., 1939, 242, 79), a considerable weight of evidence for the view that in 
all these defect structures the cation lattice is substantially perfect, the variation of cation : anion 
ratio being produced either by incomplete occupation of anion lattice positions, or by 
incorporation of the excess of anions in interstitial positions. 

Discrimination between these alternative modes of accommodating the stoicheiometric 
excess of oxygen is, in principle, unambiguously possible, by combining the observed density 
and cell dimensions of the material; this method was employed by Zintl and Croatto ((oc. cit.) 
for the CeO,-La,O,, and by Zintl and Udgard (Z. anorg. Chem., 1939, 240, 150) for the CaF,-YF, 
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and the CaF,-ThF, mixed-crystal systems, which illustrate the two types of defective anion 
lattice referred to. Satisfactory density data for the low-temperature uranium oxides are, 
however, not available. Gregnvold and Haraldsen (loc. cit.), from the apparent density of their 
tetragonal oxide (10-0), concluded that it represented a substitutional solid solution. We have, 
however, found the apparent density of authentic UO,, measured with xylene as pyknometric 
liquid, to be 10-0 or 10-1, as compared with the X-ray density 10-96. Biltz and Miiller (/oc. cit.), 
on the other hand, obtained satisfactory densities for oxides ignited at 900—1300°, and it is 
probable that the low apparent density of UO, obtained by reduction at relatively low 
temperatures, and of the black oxides obtained by oxidation of such UO,, is associated with the 
secondary structure of the oxide particles. The 5-y. particles of our original UO, would 
necessarily contain capillary spaces of size comparable with that of the primary crystallites of 
UO,—4.e., 0-1—0-2 ys. and less—and it would appear that penetration and complete filling of 
the micro-capillaries by the pyknometric liquid cannot be achieved. Helium density 
measurements, which should overcome this difficulty, are not yet available. 

We consider, accordingly, that by analogy with other anomalous fluorite mixed-crystal 
systems, the excess of oxygen enters the available interstitial positions ($00), etc., in which 
it may be accommodated in 6-fold co-ordination with uranium and with but little local distortion 
of the structure. If all ($00) sites could be occupied, the composition of the unit cell would 
be raised to U,O,,—.e., UO,.,;. In fact, the interstitial oxygen atoms are distributed at 
random, maintaining cubic symmetry, if less than 25% of the available sites are occupied, 
then tend to segregate into one set of ($00) positions, so conferring tetragonal symmetry, and 
finally “‘ saturate” the structure when about 40% of interstitial sites are filled. It is 
noteworthy that throughout the existence range of the cubic phase there is no appreciable 
change in the dimensions of the unit cell, which actually shrinks progressively in the existence 
range of the tetragonal phase. The conclusion drawn by Rundle, Baenziger, Wilson, and 
MacDonald (loc. cit.) that shrinkage of the cell is incompatible with defect in the anion lattice, 
is however unwarranted, and ignores evidence already extant for fluorite structures. 
Incorporation of a stoicheiometric excess of oxygen implies simultaneous replacement of a 
corresponding proportion of U*+ cations by the smaller U** cations. The net effect on cell 
dimensions is determined by the interplay of the sizes and charge of the substituted cations 
with the distortion caused by interstitial anions. If the two sorts of cation are of the same or 
closely similar radius, the lattice distortion predominates and the cell expands as the 
anion : cation ratio is increased. This is, for example, the case with the SrF,-YF, mixed 
crystals (Zintl and Udgard, loc. cit.; Ketelaar and Willems, Rec. Trav. chim., 1937, 56, 29), 
and the CaF,—-ThF, system (Zintl and Udgard, /oc. cit.) and the cubic phase of the La,O,-LaOF 
system (Croatto, Gazzetta, 1943, 78, 257). If, however, the substituted cation is appreciably 
smaller, as well as bearing a higher charge, these effects may outweigh the readjustment of 
positions imposed upon the anions when the ($00) positions are occupied. This is the case 
with the 8-PbF,-BiF, system (idem, ibid., 1944, 74, 20); the cell dimensions shrink from 
a = 5-927 a. for B-PbF, to a = 5-901 a. for mixed crystals with 33 mols.-% of BiF,, and to 
a = 6-849 a. for BiF, itself. In the system considered here, and for the occupation of not 
more than 25% of interstitial anion sites, the effects may approximately compensate. 

(III) High-temperature Oxides.—Oxides in both the composition ranges described break up 
into two-phase systems when they are annealed at temperatures appreciably above the 
temperatures of their formation. The non-stoicheiometric phases are either completely 
metastable, or at least unstable above about 250°, with respect to three stable phases. (i) UO, 
proper; (ii) a clearly defined phase having a composition close to UO,., and referred to in the 
table on p. S 305 as the 8-phase, and (iii) U,O,. 

(i) The UO, phase (a-phase). Oxides intermediate between UO,., and UO,.,, split up into 
UO, and the $-phase. The presence of brown UO, as such is revealed by the distinctly ruddy 
tinge and the brown streak of such oxides after very prolonged annealing at high temperatures ; 
the oxidation of UO, at low temperatures is attended by an immediate colour change to intense 
blue-black. The cell dimension of UO, in annealed oxides within this composition range is 
identical with that found for oxide preparations in which UO, co-exists with UO.* Whilst it 
appears that, for this particular system, arguments based upon cell dimensions may not be 
conclusive, it is probable that at high temperatures UO,, is, in fact, a phase of 
practically constant composition. 


* yy listed in the table on p- S 305, containing UO, + UO, were fired at only 1300°. 
It may be that the UO, phase co-existing with UO at temperatures above 2000° is significantl 
deficient in oxygen, having an expanded cell as found by Rundle, Baenziger, Wilson, and Donald. 
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(ii) The B-phase. The $-phase is also a cubic phase, with a pseudo-fluorite structure and 
cell dimensions (a4 = 5-430 + 0-003 XU.) close to those of UO, (a = 5-457 + 0-002 XU.), so 
that it appears in the duplex specimens only in the close doubling of higher-angle diffraction 
lines. The oxide UO,.,, appeared to be single-phase after annealing. Oxides of lower 
compositions break up into mixtures of the a- and the $-phase, whilst the tetragonal oxides 
yield U,O, + 8-phase; hence the composition of the 8-phase is close to UQ,.,,, and is probably 
definite. This composition would correspond to a true unit cell having a composition around 
U,O,, or U,Og. This phase, may, therefore, be compared with the oxides of complex but 
well-defined composition recently identified in several other oxide systems, notably those of 
molydenum and vanadium. In the latter, Aebi (Helv. Chim. Acta, 1948, 31, 8) has identified 
the oxide V,,0,,, and Magneli has determined the structure of the oxides Mo,O,, and Mo,O,,. 
In each case the composition of the true unit cell was ascertained from X-ray examination 
of single crystals. In the present instance, however, we have been unable to obtain crystals 
suitable for structure determination either by prolonged annealing or by sublimation (see 
below). 

These analogous compounds, of which the crystal structures have been determined in detail, 
point to a possible structural relationship between the $-phase and the non-stoicheiometric 
phases formed at low temperatures. In the latter the excess of oxygen is incorporated 
interstitially; if the analogy with the other systems is correct, this disordered structure must 
change on annealing to an ordered structure in which uranium cations are situated in 
the co-ordination polyhedra of a close-packed or (to provide eight-fold co-ordination about the 
cations) a simple cubic lattice of oxygen atoms. The composition would then be determined 
by the periodic omission of cations from the structure, and the transformation which occurs on 
annealing could be represented by 


annealed at high temperatures 
UO,,, > U,,0, 





It must, however, be conceded that the densities recorded by Biltz and Miiller for oxides 
UO,.,s—UO,.,, are in better agreement with an “ interstitial’’ than with a “ subtractive ”’ 
structure. The $-phase can be linked directly with the work of Biltz and Miiller, who found a 
distinct discontinuity in the reduction or degradation of higher oxides at a composition near to 
UO,.,. ‘They found, moreover, that oxides containing oxygen in excess of UO, were perceptibly 
volatile in a high vacuum and the sublimate had a composition approximating to 
UO,.,~—UO,.,,; the analytical data are probably not very precise. We have confirmed this 
observation, and have found that the black sublimate has, in fact, the cell dimensions of the 
6-phase. The material condensed on a cold silica tube showed no signs of the U,O, structure, 
as might be expected if the volatile species were actually UO, which then underwent dissociation 
when it condensed. This suggests that the 8$-phase sublimes as such, and although this 
conclusion is surprising, it may perhaps be coupled with the apparent existence of V,,0,, units 
in solution in fused V,O,, as cited by Aebi. 

(iii) The oxidation process. The features of the oxidation of UO, can now be interpreted in 
terms of the foregoing observations. At low temperatures, oxygen may be incorporated 
interstitially up to the limits of composition of the tetragonal phase and the process then comes 
to a stand-still. In oxides at temperatures above about 250°, or if the temperature rises above 
this limit through the heat of reaction, the tetragonal phase breaks up into the B-phase + U,O, 
(or possibly at these temperatures into the a-phase + U,O0,). The system is thereby nucleated 
with the U,O, phase, and oxidation can proceed to completion. The temperature of renewed 
oxidation, as was found by Jolibois, is probably the temperature at which the tetragonal phase 
breaks down, for in none of our experiments was the tetragonal phase observed in oxides 
prepared at temperatures appreciably in excess of 220°. 


Kinetics of the oxidation of uranium dioxide. 


The oxidation of uranium dioxide is remarkable for the speed with which it takes place at 
relatively low temperature. The results given here summarise a preliminary study of this 
process; a fuller investigation of several features revealed by this work will be published later. 


The dioxide, spread in a thin layer over a shallow silica or aluminium dish, was oxidised in air, in a 
thermostated oven at temperatures between 120° and 175°, and in a steam-jacketed tube for prolonged 
periods at 100°. The increase in weight after successive time intervals was measured directly. 
Oxidation then took place at constant oxygen pressure; at higher temperatures the rate of the initial 
oxidation process was so great that gaseous diffusion became the rate-controlling step. The method 
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adopted in these preliminary experiments made it impossible to follow the earliest stages of the reaction 
except at the lowest temperatures ; it was, however, convenient for studying the process between about 
15% and 90% of total conversion. 

The reaction was characterised by an extremely rapid initial stage, declining regularly according to a 
roughly parabolic law, suggestive of a typical diffusion-controlled process (Fig. 2). 
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Discussion.—Reactions of the general type A... + B,, —> Cyua May conveniently be 
divided into two types, according as the rate-controlling step is (2) the phase-boundary reaction, 
or (b) the transport of reactant to the phase boundary by diffusion in either the solid or the 
gaseous phase. 

Type (a). Phase-boundary controlled reactions, involving the movement of the A-C 
interface through each particle, have frequently been encountered in the reactions of solids. 
The rate of such a process will then be proportional to the area of the interface at each instant. 
The system may be idealised by assuming the solid to consist of spherical particles of uniform 
size, with reaction starting at ¢ = 0 on all particles; that the reaction considered here shows no 
phase of initial acceleration indicates that, in fact, nucleation is not a rate-determining step. 
Then if at time ¢ the fraction c of each particle has undergone reaction, we have 

Meena oe as oe ek Se 
i.e., ere ae Ce es Saw sank er ae 


It is convenient to plot, as in Fig. 3, the degree of conversion c as a function of y = t/t,)., a 
reduced time scale permitting comparison with observations made at any temperature. From 
Fig. 3, curve A, it is apparent that the law of the phase-boundary reaction does not reproduce 
the observed kinetic features of the oxidation process. 

Type (b). For diffusion-controlled reactions, two classes of system may be formally 
recognised. (i) If the solid compound A has a wide range of composition, so that the reaction 
does not give rise to the formation of a new phase, a composition gradient will be established 
through each grain as reaction proceeds. This may well be the case for the oxidation of UO,. 
The composition of the oxide along any radius of the idealised particle is initially uniform, 
UO,.99; after a time ¢, the composition will vary along the radius from the fully oxidised state 
at the surface to unaltered materia! at the centre. The distribution of composition is formerly 
similar to the distribution of temperature in a spherical particle immersed in a heated 
environment; the kinetics of the reaction are determined by the diffusion of reactant through 
the particle, and the appropriate solution of the diffusion equation can be taken from 
the analogous case of the conduction of heat. Denoting the composition at time ¢ as X;, the 
initial composition as X,, and the ultimate composition as X,, we have 





X,— X 621... , : 

x, — x, =1-< rane ™"Dt/a* = c, the fraction of conversion . . . (3) 
where a is the radius of the spherical particle and » = 1, 2, 3....0. The variation of 
conversion ¢ with time is shown, with the reduced time scale r = t/t,,, by curve B, Fig. 3. 
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(ii) Whilst the supply of reactant by a diffusion process may be the rate-controlling factor, 
if the product of reaction B constitutes a new phase, the reaction takes place at the A-C interface, 
which changes progressively in area as it moves through the particle. The kinetic laws of 
processes of this kind have been discussed by Valenci (Compt. rend., 1936, 202, 309) and 
Peschanski (Ann. Chim., 1947, 2, 599). If dy, My, and d,;, M, are the density and formula 
weight of the initial material and of the product, respectively, and H is the concentration difference 
between the interfaces leading to diffusion, they find 


1 
aa = bo - +r — ey —. a. 





where @ = initial radius of each particle, D = diffusion coefficient, and c = degree of conversion, 
as before, and y = M,d,/Mod;. This expression would be valid if, in fact, the oxidation of 
UO, proceeded by way of a non-stoicheiometric phase (e.g., the tetragonal phase), differing 
from UO,, but not detected by X-ray methods in the oxides UO,.,—UO,,., by reason of its poor 
crystallinity or other reasons. 
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Evaluation of the right-hand side of equation (4), using the experimental data, gives fairly 
good linear reactions between /(c) and time for a considerable proportion of the total reaction; 
it would appear, however, that the expression is not very sensitive to changes in r (which in the 
present instance is uncertain) or other parameters involved in evaluating the experimental 
data. 

In general, it may be concluded that the oxidation process is fairly well represented as a 
reaction of type (bd) (i), involving a composition gradient through particles of a non-stoicheio- 
metric oxide. The fit is not so satisfactory for the initial stages of the reaction, and at least 
two reasons may be advanced for deviations from the idealised law of equation (3). The 
assumption of uniform spherical particles is obviously not justified; the effective size of the 
particles will be distributed about some mean. The effective radius, as a diffusion path, enters 
into equation (3) in such a way, however, that the time scale for small particles is telescoped, 
as compared with that for the larger, and in any assembly of particles of different size the 
apparent diffusion constant (calculated for a mean radius a) must fall off with time, as the net 
reaction proceeds. A second factor causing deviation from the simple diffusion law arises 
from the small particle size. With cubic crystals of UO, of about 0-1 yp. size, it may be seen 
that approximately 3% of all the unit cells in each crystallite lie exposed on the exterior faces ; 
the rate of the earliest stages in the oxidation will accordingly be determined only by the rate 
of a chemisorption process, without involving diffusion within the solid. There is, indeed, 
evidence that under certain conditions the diffusion process is not the unique rate-determining 
step. At higher temperatures the lower activation energy for the chemisorption step, as 
compared with that for diffusion, may make the phase-boundary process no longer rapid 
compared with diffusion. It has, in fact, been observed that the rate of the reaction is not 
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independent of the oxygen pressure at 160—180°, when the oxygen pressure is reduced below 
100 mm. A fuller discussion of these points is reserved for a later publication. 

The results of the preliminary series of gravimetric measurements of reaction rate are 
summarised in Fig. 2 and the table below; this lists the mean diffusion coefficient as calculated 
from the time for 50% conversion of UO,., into UO,.35. These data indicate an activation 
energy of 27 kcals. for the reaction, a value which appears of reasonable magnitude for a diffusion 
process within the solid phase. 

TED... ccccecsscccecceses 175° 160° 140° 120° 100° 
BD cctciriscnscesssesconnsce 4-1 x 107% 2-4 x 10716 4-05 x 107!” 1-05 x 10-1” 10-79 


We are indebted to several colleagues, and in particular to Mr. R. C. Blakey, for assistance in several 
sections of the experimental work. This work is published by permission of the Director of the Atomic 
Energy Research Establishment, Ministry of Supply. 


Atomic ENERGY RESEARCH ESTABLISHMENT, 
HARWELL, Dripcot, BERks. [Read, March 30th, 1949.) 





S63. A New Method for the Detection and Determination 
of Uranium. 


By T. V. ArpDEN, F. H. Burstatt, and R. P. LinstEap. 


A chromatographic method employing organic solvents in conjunction with strips or sheets 
of absorbent paper is described for the separation of uranium from other metals in solution. 
Uranium as uranyl nitrate is dissolved and moves with the solvent front as diffusion of the 
solvent in the absorbent 5 ig ond proceeds. Most other metals remain stationary or move only 
slowly in comparison with uranium. Detection is ep pap with potassium ferrocyanide 
while quantitative determination is achieved by removal of the portion of paper containing the 
uranium, followed by measurement with the polarograph, colorimeter, or fluorimeter. 


Tuts paper describes a new method for the detection and determination of uranium in a very 
wide variety of materials. The essential feature of this method is the use in combination of 
an organic solvent and a solid absorbent such as cellulose. This technique employing organic 
solvents and solid adsorbents for the separation of chemical entities was first used by Gordon, 
Martin, and Synge (Biochem. J., 1943, 37, 79) for the separation of mixture of amino-acids, and 
it has since been applied to a number of other organic separations. The application of this 
process to inorganic chemistry was first studied at the Chemical Research Laboratory at the 
end of 1946 and a preliminary account of these investigations as applied to materials other than 
radioactive elements has been published (Arden, Burstall, Davies, Linstead, and Lewis, Nature, 
1948, 162, 691; Burstall, Davies, Linstead, and Wells, ibid., 1949, 168, 64; Linstead, Discussion 
on New Techniques, Chemical Society, November 25, 1948). Other workers have also reported 
similar separations of inorganic substances (Lederer, Nature, 1948, 162, 776; Pollard, McOmie, 
and Elbeth, ibid., 1949, 163, 292). 

Uranium was among the first elements which we examined in 1946, since the high solubility 
of uranyl nitrate in organic solvents was considered to favour a separation from other elements. 
This view has been fully justified by the development of a precise and rapid procedure for the 
detection and determination of uranium. 

This method depends on the selective extraction of uranyl nitrate by an organic solvent 
containing nitric acid and is carried out on a strip or sheet of absorbent paper. The organic 
solvent mixture is allowed to diffuse by capillary action through the paper, and when this 
solvent movement takes place over a patch of the paper previously treated with a sample of the 
solution to be tested, uranyl nitrate is dissolved and moves with the solvent front as diffusion 
proceeds. In general, uranium is separated from other elements which either remain stationary 
or move only slightly in comparison with it. For qualitative and semi-quantitative work, 
the uranium is made visible by treatment of the paper with aqueous potassium ferrocyanide. 
This gives the characteristic brown stain of uranyl ferrocyanide which, under favourable 
conditions, appears as a sharp and uniform band near the limit of solvent movement. This 
technique is sufficiently sensitive to yield a positive result with as little as 0-1 yg. of uranium, 
and a rough quantitative estimation with an accuracy of about + 30% is possible with 0-25 yg. 
and up to 200 wg. by visual comparison with standard stains produced with known quantities 
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of uranyl nitrate. This paper-strip technique is not restricted to qualitative or semi-quantitative 
estimations but has been developed by Mr. J. A. Lewis, of this Laboratory, to a full quantitative 
process by removing the section of paper containing the uranium, ashing the paper to remove 
organic matter, dissolving the residual uranium in acid, and determining it by means of the 
polarograph. Colorimetric and fluorimetric methods have also been used with success in final 
determinations of uranium. All these quantitative methods will be described in future 
communications. 


EXPERIMENTAL. 


Apparatus.—Filter-paper (Whatman No. 1) is cut into strips of 8—12” long and 1” wide and 
the sample of solution to be tested is placed at 3—4” from one end of the strip so that a 
small patch about 1” square is formed (Fig. 1). If very small quantities of uranium are involved, the 
filter-paper strip is cut in a roughly spade shape or triangular form to provide for a larger quantity of 
test liquid and to give a narrow portion to enhance the uranium band on development with potassium 
ferrocyanide (Fig. 2). The remaining equipment consists of a cylindrical gas jar or similar vessel 
fitted with a small container for the organic solvent near the top, as shown in Fig. 3. The end of the 


paper strip nearest the test patch is made to dip into the solvent tank, while the other end hangs 
vertically in the jar. 


Fie. 1. Fic. 2. Fic. 3. 
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Preparation of Samples.—In the absence of phosphate, solutions in 25% nitric acid are used without 
further chemical treatment. The most Seg ET method for obtaining such solutions depends on 
the type of product under investigation. ith the minerals and ores principally studied by this 
method, decomposition with (a) nitric acid with addition of hydrofluoric acid and perchloric 
acid, (b) potassium hydroxide or sodium peroxide fusion with subsequent treatment with nitric acid, 
have proved most useful. Sulphuric acid and bisulphates are avoided for breakdown of mineral 
products since a high proportion of sulphate ion is undesirable in this extraction method. It is necessary 
to complex phosphoric acid by ferric nitrate with products containing a large amount of this acid, but 
small quantities do not interfere with the extraction. The solutions prepared as indicated are made up 
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by volume and a small measured portion (0-05 ml.) placed on the paper strip and air-dried. For larger 
quantities, up to 0-15 ml. of test solution, a thicker paper ( tman No. 3) or several successive 
additions with air-drying after each addition are required. 

Solvents.—A very wide range of organic solvents which dissolve uranyl nitrate can be used in this 
— These solvents contain oxygen and include ethers, alcohols, ketones, esters, and acids. The 

t results so far achieved have been obtained by using the cyclic ethers 2-methyltetrahydrofuran and 
tetrahydropyran. Nitric acid (d 1-42) is added in quantities of 2-5 and 10% by volume respectively 
to these solvents, and the mixture just saturated with water. The process is not, however, dependent 
on the use of these special solvents and others such as methyl n-propyl ketone, methyl isobutyl ketone, 
cyclohexanone, Cellosolve acetate, n-butyl alcohol, ethyl acetate, etc., enable the uranium to be separated. 
Substantial variations are shown in the time required for the solvent to diffuse through the paper strip, 
and in the sharpness and position of the uranium band relative to the solvent front, as well as in the 
effectiveness of separation from other metals. It is also significant that solvents completely miscible 
with water such as acetic acid and acetone have been used although with less satisfactory results for 
uranium. The quantity of solvent mixture required for each experiment is quite small since it is usually 
only necessary for the solvent to diffuse 2—3” past the test patch on the paper strip. 

Effect of Other Ions on the Detection of Uranium.—Interference due to the presence of other metals 
has not proved serious. Thorium is partly extracted by the solvent mixture, particularly when the 
concentration of nitric acid is high (10%), and moves with uranium, but the presence of this element 
does not alter the subsequent colour test with potassium ferrocyanide. Large amounts of phosphate 
ion, as already stated, must be complexed with ferric nitrate, but the test can be carried out in the 
presence of moderate quantities of chloride, sulphate, oxalate, and acetate providing a high concentration 
of nitrate ion is present in the solution to be tested. Ferric salt is extracted if chloride is present, but 
movement is slower than that of uranium and a clear separation into two bands due to these elements 
can be achieved. The exact amount of anions other than nitrate which can be tolerated has not yet 
been fully established but the methods described for preparation of samples have been found adequate 
to cope with a very wide range of materials. The effect of anions will vary to some extent with the 
solvent and proportion of nitric acid used, but with 2-methyltetrahydrofuran and tetrahydropyran, 
which have been employed in this work, the results have been very satisfactory. 

Results and Conclusions.—A number of minerals and ores have been examined by the method 
described above, with results summarised in the table, and compared with values obtained by standard 
methods of chemical analysis. In view of the small quantity of material involved in the analyses and 
the speed of operation, the agreement is reasonably good, and the method has proved of great 
convenience in exploratory and control work. 


U as % U,O, by 


chromatographic U as % U,O, by chromatographic 
technique: by technique : 
visual compari- by visual compari- 

U as % U,O, by son of ferro- U as % U,O, b son of ferro- by polarographic 
standard methods. cyanide stain. standard methods. cyanide stain. determination. 
1-30 1-2 0-039 0-05 — 

0-56 0-45 0-035 0-04 _— 

0-34 0-30 . 0-008 0-005 — 

0-33 0-25 1-26 = 1-16 
0-36 0-32 0-31 — 0-30 
0-11 0-1 0-69 —_— 0-70 
0-03 0-03 0-91 — 0-94 
0-02 0-03 1-33 _ 1-25 


Much larger quantities of uranium than 200 ug. can be dealt with by replacing the paper strip or 
sheet with tubes packed with cellulose. This application to quantitative analysis of uranium has been 
fully developed by Mr. R. A. Wells and others in this Laboratory and will form the subject of another 
communication. 

Regarding the mechanism underlying na Sop ag of uranium by this combination of solvent extraction 
and solid absorbents, a number of factors have to be taken into consideration : (a) the high solubility 
of uranium in organic media under specific conditions which in all probability involves complex formation 
with the solvent, (b) the adsorption of other metals by the cellulose whereas uranium is not adsorbed to an 
appreciable extent under the conditions of the experiments, and (c) the partition of inorganic substances 
between solvent and water, including the water present in the absorbent paper strip. All of these 
factors appear to play a part in the separation process and such fundamental aspects are at present 
under investigation. It is clear, however, that chromatographic methods, of which this is one example, 
have a very wide application to inorganic analysis. 


CHEMICAL RESEARCH LABORATORY, TEDDINGTON. [Read, March 30th, 1949.]} 
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S64. The Determination of Radon and Radium in Water. 
By R. B. Jacost. 


The scheme here described for radon and radium analysis was devised as a compromise 
between the opposing aims of simplicity and convenience of working on the one hand, and a 
high order of sensitivity of measurement on the other. The latter arose from the expectation 
that the waters to be analysed would generally contain appreciably less than a micro-microgram 
of radium per litre, and, as it was not desired to handle water samples of a volume greater than 
1—2 litres, equipment was required which would measure activities of the order of 0-1 py-curie. 
The experimental procedure involves the separation of the radon dissolved in the water sample 
and its transference to the ionisation chamber for measurement, and the concentration of the 
radium into a solution of small bulk, from which the radon may be allowed to accumulate, 
the radium being estimated by measuring the amount of radon so obtained. 


Separation of Radon.—The method depends on two important points. First, radon may be 
effectively swept out of aqueous solution at room temperature, provided that the sweeping 
gas passes through the water as a stream of small bubbles, and the total volume of gas so used 
is large compared with the volume of the water: it is found that ten volumes of argon will give 
a loss of radon not greater than 1% (which is generally within the limit of accuracy) for amounts 
of activity up to about 20 wy-curies, and nitrogen acts similarly. This is in contrast with 
previously published opinion, e.g., a discussion by Evans (Rev. Sci. Instr., 1933, 4, 216), referring 
to papers by Moran (Trans. Royal Soc. Canada, 1916, 10, III, 57, 77) and Boltwood (Amer. J. 
Sci., 1904, 18, 378; 1905, 20, 128), submitting that quantitative removal of radon from water 
can be achieved only by prolonged boiling, which technique is followed by Evans (Rev. Sct. 
Instr., 1935, 6, 99) and his co-workers in the United States, and by workers at the National 
Physical Laboratory in this country. Secondly, radon is completely removed from the gas 
phase by silica gel cooled in liquid air, from which it is released at a temperature no higher than 
that of boiling water, the cycle of operations being 100% efficient within the limits of 
experimental error. Such a process was utilised by Keevil (Amer. J. Sci., 1938, 36, 304) and was 
independently developed by the author (Thesis, London, 1941) in connection with other work. 
It provides a useful method for separating radon from gases which are not readily condensed 
on silica gel. Combination of the above steps affords a convenient procedure for transferring 
radon from solution in a water sample to an ionisation chamber for measurement. 


EXPERIMENTAL 


The sample of water is contained in a flask, which it fills so as to leave only about half the length of 
the neck, or a little more, as ‘‘ dead space’ (Fig. 1). The inlet tube reaches nearly to the bottom, and 
is turned upwards; it carries a sintered-glass plate so as to break up the current of gas into a stream of 
fine bubbles. The gas then passes through a drying tube containing broken pellets of potassium 
hydroxide, and on through a valve to a U-tube containing a small amount of silica gel, this tube being 
immersed in liquid oxygen; the outlet is open to the atmosphere. The rate of flow is such that a volume 
of gas at least ten times the volume of the water will pass through in 10—20 minutes; a flow rate of 
several 1./min. can be obtained by increasing the pressure at the input end. 


Fic. 1. 











Radon in water: collection of radon. 
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The next step is to transfer the radon trapped in the silica gel into the ionisation chamber (Fig. 2). 
The drying tube, recharged with fresh alkali, is removed to the output side of the absorption tube (which 
is still kept in liquid oxygen), and argon is passed through to displace air—if nitrogen was used to sweep 
the radon out of the water, the nitrogen remaining in the absorption tube will also be displaced by 
argon. The re-positioning of the drying tube is intended to exclude from the ionisation chamber the 
small amount of water which will have been carried through into the cooled silica gel and will be released 
again on warming. The chamber is evacuated, and the radon is swept into it by warming the silica gel 
tube with boiling water while a slow current of argon passes through; the chamber is in this way allowed 
to fill to atmospheric pressure, the time taken being about 5 minutes. Counting may begin at once; 
if sufficient radon is present, the curve will show a rise to a maximum after about 3 hours, owing to 
the formation of an active deposit, and will then fall according to the normal decay of radon. 


Fic. 2. 
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Radon in water: release of radon into chamber. 


Determination of Radium.—If{ the sample of water contains appreciably more than about 10 puyg. 
of radium per 1., no extraction of radium is required, as a small portion can be sealed in a suitable trap, 
and the radon which accumulates measured without undue difficulty; in cases of somewhat lower 
activities, a suitable portion may be cautiously evaporated down to about 15 ml., and the concentrate 
then sealed and handled in the same way; but —— a much larger bulk of water is needed to provide 
enough radium for a reliable measurement, and an extraction process must be employed to concentrate 
the radium into a small enough volume of solution. 

From Nakai’s survey (Bull. Chem. Soc. Japan, 1940, 15, 333) of precipitations which will bring down 
small amounts of radium from aqueous solution, that of manganese dioxide has been chosen as being a 
compromise between chemical efficiency and convenience and rapidity in handling. The reaction 
involved is 2KMnO, + 3MnCl, + 2H,O —> 5MnO, + 2KC1+ 4HCl. To the water sample (say 
2 1.) a few drops of hydrochloric acid are added to nae in solution any calcium of temporary hardness, 
and then the measured amount of manganous chloride solution to yield 0-3 g. of manganese dioxide, 
according to the above equation. The sample is heated almost to boiling point and a slight excess of 
permanganate solution is added, to give a permanent pink colour; after about an hour’s digestion at 
just under 100°, the precipitate is allowed to settle, most of the liquid is decanted, and the precipitate 
collected in a fast filter paper, washed once, and allowed to drain well; it is dissolved in a minimum of 
hot hydrochloric acid, the solution cautiously boiled free from chlorine and evaporated to a few ml. 
to remove most of the excess acid. The resulting — is transferred, with washings, to a bulb of 
standard form of 25-ml. capacity, with the neck in the form of a ground glass cone (B, Fig. 3) and 
adjusted to 15 ml.; the bulb is attached to a trap of the form shown on the left of Fig. 3, and a stream 
of argon blown through for a few moments; the trap is then sealed, and note is taken of the time and 
date of sealing; the time and date of opening the trap will then give the interval during which radon 
will a accumulated according to its half-life of 3-825 days, and the percentage of equilibrium attained 
can be calculated. 


Fic. 3. 





Radium measurement: transfer of radon to chamber. 


This of trap is fully described by Arrol (Thesis, London, 1938). When open, gas may pass 
through the arms (a) and (b), bubble through the liquid in the bulb B, and be carried off through (c) and 
(a). By applying pressure to the mercury reservoir (r) at the rear of the trap (the two stopcocks being 
open) mercury is forced up so as to close, at the same moment, the junction between (a) and (b) and that 
between (c) and (d), so cutting off the space from (b) to (c); the level should be further raised until the 
steel ball in arm (d) is pressing lightly against the constriction at the top of the arm, so giving protection 


Vv 





S 316 Jacoh: 


should the pressure in the tubing beyond it accidentally become less than atmospheric. The diameter of 
(b) is to that of (c) roughly as the enclosed volume in the narrow tubing, from (b) to the level of liquid 
in the bulb, is to that in the wider parts from (c) to the same level, so that as the —— level is changed 
the pressure in both sides will change equally, without either bubbling of gas from side (5) through the 
liquid or syphoning of liquid back into (5). e stopcock under the junction of (a) and (b), when closed, 
prevents mercury swinging from side to side when the trap is handled; it must, of course, be open 
whenever the mercury level is altered. 

After a suitable period, the trap is fitted to the train leading to the ionisation chamber (Fig. 3). It 
is advisable to have a slight excess pressure of argon to the right of the valve next to the trap. Argon 
is caused to flow slowly through a tube fitting loosely over the inlet of the trap, and the mercury allowed 
to fall in both sides together, a little gas being allowed to flow back through the valve mentioned above 
so as to keep the adjacent limb of the trap at atmospheric pressure and allow the mercury to fall evenly. 
The chamber having been pumped out, argon is slowly drawn in through the trap, the first valve, the 
drying tube, and the poncenel valve; the radon is swept out of the bulb and into the chamber, and as the 
ratio of volumes is so large (about 550: 15) the transfer of radon is effectively complete; the rate of 
flow is 100 to 200 c.c./min. When the chamber is filled to atmospheric egy we counting may begin. 

Since radon is liable to be absorbed by greases, the usual lubricants for stopcocks and joints must 
be avoided; therefore metal needle valves are employed in the admission train to the chamber, and 
the cone-and-socket joints are lubricated with a solution of powdered sucrose in glycerol; this preparation 
is not unduly hygroscopic, and is able to hold the slight pressure inside a closed radon trap for several 
months. The drying agent used at all times is potassium hydroxide; it has been found efficient at 
comparatively high flow rates of argon saturated with water vapour : calcium chloride was found to be 

uite inadequate, the gas entering the chamber being so moist that ionisation was drastically reduced, 
ew a-particle discharges giving pulses strong enough to be recorded. 

Blank experiments were made to ascertain what correction, if any, was to be applied for radium 
introduced as impurity with the reagents; fortunately, the batch of reagents used in the current series 
of determinations showed no perceptible trace of radium, and so no correction is to be made to the 
figures shown in the tables. 
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The Ionisation Chamber.—In order to minimise counting errors, the requirements are a high efficiency 
of counting a-particles and a low background. Accordingly, in designing the chamber the following 
points were borne in mind. (1) A spherical chamber, having the lowest possible surface/volume ratio, 
will keep to a minimum the loss due to “ wall effect’’ whereby a particle emitted towards the chamber 
wall from an atom situated close to that wall will not produce enough ions to give a recordable pulse; 
it will also reduce background due to activity on the surface from any a-emitter contaminating the 
material of which the chamber is made. (2) A small chamber will reduce the background, both for the 
reason given above and because it presents a small projected area to cosmic rays or other such causes 
of spurious pulses. (3) A polished nickel-plated inside surface will also help to reduce the background. 
(4) The use of argon, which is a good ionising gas, improves counting efficiency in that in argon a shorter 
length of a-particle track is needed to give a recordable pulse, and the bias-voltage plateau is more 
nearly level at low field voltage than would be the case with many other gases, such as nitrogen. 
(5) Pulse counting, with a suitable automatic device for recording the counts at regular intervals, allows 
of easy calculation of probable errors, and also obviates the troubles due to electrometer leakage 
encountered by Evans, Kip, and Moberg (Amer. J. Sci., 1938, 36, 241). 

The chamber employed is shown partly in section in Fig. 2. It is spherical, of internal diameter 
4 inches, and the capacity is about 550c.c. The insulators are of polystyrene, but an improved version 
has been built using quartz. The field voltage is applied so that the body of the chamber is negative to 
earth, the collecting electrode being linked to earth by the input circuit of the amplifier; this means 
that electrons are collected, the voltage pulse so given having a sharply rising front. The pulse is 
amplified by a Freundlich linear amplifier which incorporates a discriminating circuit, the bias being 
variable from zero to well above the saturation output voltage of the amplifier. Curves of the change 
in recorded count with change of discriminator bias are shown in Fig. 4, the relative count for the 
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extrapolation of the plateau to bias zero volts being taken as unity in each case. The steep slope at 
low bias is due to amplifier noise producing spurious counts, and the sharp falling off at high bias is due 
to the fact that the amplifier cannot deliver pulses greater than 50—55 volts, and these are cut off by a 
larger bias. Extrapolation of the plateau back to zero bias gives the relative count which would be 

iven if the chamber were 100% efficient, i.e., if all pulses, however small, were detected. Fig. 5 shows 

eld-voltage curves, the bias being kept constant at 30 volts in each case, the count at 240 volts field 
being taken as unity: it must be understood that the actual count given in nitrogen is considerably 
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less than that in argon by the same amount of activity. The slope of the curve for argon is much flatter 
than that for nitrogen over the same voltage range, and, as we see in Fig. 4, the bias plateau for argon 
is much more level, hence the superiority of argon stands out markedly. These curves are found to 
accord closely with calculations of efficiency based on theoretical considerations. In the same way, 
calibration of the chamber, by the use of a standardised solution of radium, eed well with the 
calculated value: at field voltage 240 v. and bias 30 v., it is 4-1 x 10-%* oattajalbenn. corresponding 
to an efficiency of 91%. 


Radon and radium in water. 
(Both determinations on the same sample of water in each case.) 


Location. Date of sample. Radon, pyc./l. Radium, pyg./l. 
River Thames (near Sutton Courtenay) ......... Sept. 1947 0-26+002 <01 
Nov. 1947 0-22 + 0-01 0-02 + 0-01 
Apr. 1948 0-33 + 0-01 0-009 + 0-001 
Bath : Pump TOOM _.....cccccccccccccccccccscccsesececs Dec. 1947 166 +1 23 +01 
Domestic tap (same building) ................seseeeee Dec. 1947 31:0 + 0-5 0-11 + 0-01 


Radium in raw and tap waters. 
(Samples from towns in Devon and Cornwall, Dec. 1948—Jan. 1949.) 


Radium, pyg./l. 
Location. Raw. Tap. 
DE. BOR: STR BMD cccreccierceccsseresssesoccess 2-50 + 0-05 —_ 
EEE TE ininntnkuseherpiosaianssiienvitn — 1:10 + 0-06 
Plymouth: Burrator reservoir ............++ Rocevee 0-07 + 0-01 —_ 
Newquay: Trewollack shaft .............:.seeeseees 0-11 + 0-01 — 
I TE TR i cv sntssascscsscncicses 0-05 + 0-006 ~- 
IE + cisbiinistnescetmerinadperenasteeaveaytiaie 0-0 + 0-006 00 + 0-005 
IE civisndcasncnnpecnaiadbonaervcesnbcpentennidmbeiase 0-20 + 0-01 _— 
GREE COE TED ED occas cccccoccccccssecesseesccnestacee 0-04 + 0-02 0-035 + 0-005 
River at Modbury, near Plymouth _............... 0-17 + 0-01 —_— 


The tables show some determinations made on samples of water from the River Thames and from 
Bath for radon and radium, and from various places in the West of England, both we and 
raw waters for radium only. The units em mae are 10-1 curie (puc.) and 10-1" g. (upg.). It will 
be seen that, apart from the samples from the Pump Room at Bath and from St. Ives (Cornwall), all 
the figures for radium are less than 1 Pei ranging down to less than the detectable limit in the two 
Barnstaple samples. Thus the original estimate of the order of magnitude seems to have been correct : 
it was based on some of the more recently published values for natural waters where, cases of obviously 
highly active springs being ignored, the figures are distinctly lower than the estimates made in the early 
years of the century, in particular on the work of Evans, Kip, and Moberg (Amer. J. Sci., 1938, 36, 241) 
who give, for determinations on Pacific Ocean water, an average value of 0-1 wyug./1. The radium content 
of the River Thames appears remarkably low: the third determination (April 1948) was carried out 
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on a 12-1. sample. By contrast, the Bath Spa water and the sample of raw water from St. Ives show 
the highest radium figures, the former having also an easily measurable radon content; the Bath tap- 
water sample showed a much lower radium content, and also a lower, though still appreciable, amount 
of radon. 


The above work has been carried out in the laboratories of the Atomic Energy Research Establishment 
where it is hoped to continue a programme involving many more water samples of natural origin. 


Atomic ENERGY RESEARCH ESTABLISHMENT, 
HarRwEL.t, Dipcot, Berks. [Read, March 30th, 1949.) 





S65. The Carbides of Uranium and Thorium.* 
By H. A. WILHELM, P. Cuiotti, A. I. SNow, and A. H. DAANE. 


Uranium carbides corr mding to UC (C, 4-8%) and UC, (C, 9-16%) are shown to exist. 
There is no evidence of solubility of uranium in the monocarbide. The monocarbide is stable 
at room temperature, and the dicarbide is stable at high temperatures but partly decomposes 
into monocarbide and carbon at lower temperatures. There is evidence of solubility of carbon 
in the dicarbide at high temperature. At high temperatures and at compositions in 
the neighbourhood of 7% of carbon there is a possibility either that a compound, U,C,, exists, 
which dissolves UC and UC,, or that the last two carbides form a continuous solid solution. 
Although the Widmanstiatten type microstructure indicates that ‘“‘ U,C,”’ consists of one 
phase at high temperature, all attempts to retain this one-phase structure by quenching have 
been unsuccessful. 

Metallographic and X-ray investigations indicate that no compounds other than those 
listed above occur between uranium and carbon. 

Thorium carbides, ThC and ThC,, are shown to exist. From a study of thorium—carbon 
alloys containing up to 14% of carbon no definite evidence is found either by microscopic 
observation, X-ray analysis, or melting-point data for the existence of other compounds. e 
monocarbide has a face-centred cubic sodium chloride type structure with a lattice constant 
Gy = €006°42,"and the dicarbide has a pseudo-tetragonal lattice. The melting points of ThC 
and ThC, are found to be 2625° + 25° and 2655° + 25°, respectively. The dicarbide forms a 
eutectic with graphite melting at 2500° + 35°. 


(I) Uranium Carbides. 


PERHAPS the earliest attempt to make uranium carbides was that of Moissan (Compt. rend., 
1896, 122, 247), who reported the preparation of a metallic, crystalline material by reaction 
between U,O, and carbon in an electric furnace to give a compound which he supposed to be 
U,C;. Although his analyses showed a carbon content slightly higher than the theoretical 
value, he thought that U,C, was a definite compound and also that it was the highest carbon 
compound possible in this system. 

In 1911 Lebeau (Compt. rend., 152, 955) reported the preparation of UC,, which he assumed 
to be the same material as Moissan’s U,C,. He explained the difference in formula by supposed 
errors existing in the analytical method used by Moissan. Also in 1911, Ruff and Heinzelmann 
(Z. anorg. Chem., 72, 72) reported the preparation of a compound giving an analysis closely 
corresponding to the theoretical composition of UC,. They reported the melting point to be 
2425°. Polushkin (Iron Steel Inst., London, Carnegie Schol. Mem., 1920, 10, 137), while 
investigating iron—uranium alloys, heated U,O, mixed with petroleum, coke and steel turnings 
and found that uranium carbides were present in the iron. These carbides were assumed to 
be UC and U,C,. Hagg (Z. physikal. Chem., 1931, 12, 42) made X-ray diffraction studies of a 
UC, sample prepared by Arnfeld and gave its crystalline structure. 

With the exception of Hagg, none of these investigators had any definite proof of the 
existence of their ‘“‘ compounds.” In each case the composition was deduced from chemical 
analysis with slight additional evidence that such a compound actually existed. 


EXPERIMENTAL, 


Finely divided uranium metal and uranium oxides of high purity were used in this investigation, 
and the carbon used was in most cases high-purity powdered graphite. The uranium powder was 
prepared by thermal decomposition of uranium hydride. 

Samples made by powder techniques were mixed and then pressed in a steel die by means of a 
hydraulic press. A high-frequency induction furnace was used for heating in the preparation and 
subsequent heat-treatment of most of the samples. The furnace heater, consisting of a graphite crucible 
with a tight-fitting cover and a long central chimney, was well insulated by a layer of lamp-black retained 
in a fused silica sleeve. Temperatures estimated to be as high as 3000° were attainable with this set-up. 


* Contribution No. 71 from Ames Laboratory, U.S.A.E.C., and the Institute for Atomic Research, 
Iowa State College, Ames, Iowa, U.S.A., Dr. F. H. Spedding, Director. 
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Often a special uranium carbide base was used to support the sample and to reduce the reaction with 
the graphite crucible. For samples in which no change in carbon content on heating was desired, 
beryllia crucibles were sometimes used inside the graphite heater. The beryllia was found to be 
satisfactory because of its unusual resistance to cracking from thermal shock and the fact that it does 
not react with carbon appreciably below 2000°. 

Temperature measurements were made by means of an optical pyrometer. The long chimneys used 
on the heater crucibles insured reasonably good black-body conditions for the optical pyrometer readings. 

The carbide structures could be satisfactorily etched by a short dip in aqueous 50% nitric acid 
solution which gave high contrast. Finer detail was brought out by a 10% oxalic acid electrolytic 
etch. 

Monocarbide.—A sample containing C, 48% (composition for UC) was carefully prepared by 
briquetting a’ mixture of powdered uranium and carbon and heating it on a carbide support to 2000° in 
an inert atmosphere. Owing to the extremely pyrophoric nature of powdered uranium, the briquetting 
was also done in an inert atmosphere. However, after such mixtures were pressed the briquettes could 
be handled for a short time in air without serious oxidation. The microstructure of the monocarbide 
sample showed one phase (Fig. 1). Chemical analyses showed that practically no change in composition 
had taken place during the sintering process. X-Ray diffraction studies on this sample confirmed the 
existence of uranium monocarbide and showed no other phases present at this composition. Samples 
prepared in the same manner but with less carbon gave no evidence of a lower carbide when examined 
at room temperature. 

The lattice spacings of the purest samples of uranium monocarbide (pr ed from uranium and 
carbon in an atmosphere free from nitrogen and oxygen) were determined by using a symmetrical, 
self-focussing, back-reflection camera of 5 cm. radius and copper-K radiation (Rundle, Baenziger, Wilson, 
and McDonald, J. Amer. Chem. Soc., 1948, 70, 99). Spacings varying from 4-951 a. to 4-948 a. were 
obtained in various samples. 

Uranium monocarbide contains four uranium atoms in face-centred positions. The probable structure 
is consequently either the sodium chloride or the zinc blende structure. A comparison of the intensity 
of the diffraction maxima (420) and (331) showed that the more probable structure is that of sodium 
chloride. 

Uranium monoxide and mononitride have also been reported to exist (Rundle e¢ al., loc. cit.). Both 
of these compounds are said to be isomorphous with the monocarbide, with all three having nearly equal 
lattice spacings (UN = 4-88 a., UO = 4-91 a., UC = 4-95..). Conditions are therefore ideal for mutual 
replacement of carbon, nitrogen, and oxygen in a mono-uranium compound. 

In all preparations where there was not a careful exclusion of nitrogen and oxygen the spacing of the 
monocarbide was lower than when prepared in an inert atmosphere. In order to confirm this point, 
equimolar amounts of monocarbide and mononitride were heated together at 1950° for 15 minutes. 
Analysis of the resulting product showed that the spacings of each compound were changed toward a 
common average, indicating that continued heating probably would have caused a complete conversion 
into one phase. Similar experiments have not yet loon carried out with uranium monoxide owing to 
the difficulty of preparing this compound. However, there is good evidence that replacement of carbon 
by oxygen is possible. It is believed that the most reliable value for the lattice P remem y of the 
monocarbide is the highest that has been obtained, namely, a = 4-951 a., giving a theoretical density 


of 13-63 g./c.c. 

Dicarbide Uranium dicarbide, UC,, is readily p by heating a near-stoicheiometric mixture 
of finely divided UO, and graphite in a graphite crucible to a temperature above 2400°. The product is 
molten and reacts only slowly with air at this high temperature. At room temperature the dicarbide 
(C, 9-16%) is quite hard and crystalline. 

As repo in 1931 (Hagg, /oc. cit.) and confirmed in this laboratory, uranium dicarbide is body- 
centred tetragonal and its structure is isomorphous with that of calcium carbide. Pure dicarbide 
lattice constants are a = 3-517 a. and c = 5-987 a. The X-ray density is 11-68 g./c.c. 

The X-ray diffraction pattern and the microstructure (Fig. 2) show that, when uranium dicarbide 
is slowly cooled from high temperatures or when quenched samples are annealed, the dicarbide contains 
a second phase in appreciable quantities. X-Ray analysis indicates that this additional phase is 
the monocarbide. Even when a considerable excess of free carbon is present the monocarbide structure is 
noted. On the other hand, if the dicarbide is quenched from temperatures above 2400° no monocarbide 
phase is present (Fig. 3). On annealing such a quenched sample the 7 striated microstructure of 
furnace-cooled samples is restored (Fig. 4). The possibility that UN or UO is the second phase appearing 
in the UC, matrix has been considered, but samples of UC, prepared at low pressures give the 
same microstructures as those prepared at atmospheric pressure. Consideration of chemical analyses, 
X-ray spacings, and microstructures indicate that, at some temperature below 2400°, uranium dicarbide 
is unstable and decomposes partly into monocarbide and carbon. 

In order to determine whether or not a higher carbide than the dicarbide exists, samples containing 
up to 138% of carbon were prepared by heating uranium-carbon mixtures to 2800°. The microstructure 
ms these samples, furnace-cooled, consists of precipitated carbon in a dicarbide structure (Figs. 5 and 6), 
indicating that molten dicarbide dissolves carbon and that this carbon is precipitated on cooling. X-Ra 
study showed no carbide higher than the dicarbide to be present. When the 13% carbon samples were 
dissolved and the insoluble residue examined, it was found to be graphite. A sample of uranium 
dicarbide saturated with carbon (C, 11-9%) and quenched from 2700° showed the characteristic UC, 
maxima in the X-ray diffraction pattern but with slight reductions in lattice constants. Annealing 
this sample restored the dicarbide lattice constants to their normal values. The solubility of carbon 
in the dicarbide is very small at temperatures below 1000°. 

“ Sesquicarbide.’"—Samples of composition corresponding to uranium sesquicarbide (U,C,) were 
prepared by heating mixtures of the dioxide and carbon in graphite crucibles to above 2400°, and also 
by heating briquetted uranium-carbon mixtures on carbide supports. In order to produce the assumed 
U,C, it was necessary to add excess of the dioxide to the melt while the reaction between carbon and the 
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dioxide was occurring. When this procedure was not followed, the carbon pick-up from the crucible 
was sufficient to carry the carbon content far above that required for the sesquicarbide. If a melt of 
composition corresponding to U,C, is allowed to cool slowly to room temperature, very large cubic 
crystals up to 1 cm. or more on a side can be obtained from the very crystalline mass. At 7-03% of 
carbon, the formula value for U,C,, these macrocrystals appear to be perfect cubes, but when the carbon 
composition is just a little higher or lower than this value, the cubes are distorted although the micro- 
structure is practically unchanged. 

The microstructure at this composition appears as two phases arranged in a striking Widmanstatten 

ttern (Figs. 7 and 8). When X-ray diffraction studies are made the phases are shown to be UC and 
C,. ‘“‘ Single-crystal ’’ X-ray diffraction patterns showed further that the mono- and the di-carbide 
phase had c: ised with their axes el. 

Because of the Widmanstatten structure appearing at this range of composition, it seems probable 
that this carbide consists of one solid phase at some high temperature. The data therefore suggest the 
existence of a solid solution of UC and UC, at high temperatures or possibly an unstable compound 
U,C, in which the other two carbides are soluble at - temperatures. A series of experiments was 
carried out in which compositions corresponding to U,C, were quenched from various temperatures in 
an effort to obtain a one-phase microstructure, but in each case the typical Widmanstatten pattern 
resulted. Even quenching from the molten state in liquid lead did not change the micro-structure. 
From the form of the macrocrystals, uranium sesquicarbide, if it does exist, can be assumed to be 


cubic, 
(II) Thorium Carbides. 


The preparation of the dicarbide of thorium in an electric-arc furnace was reported by 
Troost (Compt. rend., 1893, 116, 1229) and later by Moissan and Etard (ibid., 1896, 122, 573). 
Stackelberg (Z. physikal. Chem., 1930, B, 9, 437) reported the dicarbide as having a face- 
centred tetragonal lattice with four molecules per unit cell with a, = 5-85 A. and cy = 5-28 a. 
More recent X-ray studies at Battelle Memorial Institute (Progress Reports, Feb. 1, 1945, 
CT-2700; Mar. 1, 1945, CT-2778) on alloys formed in the process of determining the oxygen 
content of thorium by the vacuum-fusion method gave evidence of a dicarbide with a body- 
centred tetragonal lattice with a, = 4-14 a. and cy = 5-28 a., a monocarbide with a face-centred 
cubic lattice with a, = 5-29a., and rather slight evidence of a carbide with a face-centred 
cubic structure, believed to be of the CaF, type, with a, = 5-854. X-Ray investigations by 
Baenziger (Ames Laboratory, June 1945, unpublished data) showed the dicarbide to have a 
pseudo-tetragonal structure, and he proposed an orthorhombic lattice with a, = 8-26a,., 
by = 10-52 a., and cy = 4:22 A. 


EXPERIMENTAL. 


All samples studied in these investigations were prepared by powder metallurgy methods. Mixtures 
of thorium metal powder and graphite powder were pressed in steel dies at + gear 50,000 Ib. /sq. in. 
to give relatively dense compacts, which were then heated to the desired temperature under vacuum 


or a helium atmosphere. X-Ray analysis, m. p. data, and microscopic examination of samples pre 

in this manner were used to establish the existence of the two compounds, the mono- and the di-carbide. 
The thorium metal used was in the form of minus 30 mesh powder prepared from massive thorium 

metal by the hydride process, which consists essentially of heating the metal in a hydrogen atmosphere 

at meen ragga A 600°, forming the dihydride, followed by further reaction with hydrogen at 325—200°, 


thus forming a rather finely divided product which is decom to the metal powder by reheating to 
500° and finally at 700° under vacuum. Spectrographically pure graphite powder of approximately 
the same particle size was used in preparing the a and alloys studied. 

The m. p.s of alloys containing up to 14% of carbon were determined by Pirani and Alterthum’s 
method (Z. Electrochem., 1923, 29, 5), which consists of heating a pressed compact by passing an electri¢ 
current through it and observing the melting temperature by means of an optical pyrometer focussed 
on a small hole drilled into the compact. In these es mixtures of the metal and graphite 
powders were pressed into }” x 3” x 4” bars at 50,000 lb./sq. in. in a suitable steel die. A small hole, 
0-039” in diameter and 0-150” deep, drilled with a long-tapered point drill in the centre of the bars 
normal to the long axis, was found to give suitable black-body conditions. These compacts were 
pre-sintered in a molybdenum tube furnace at or above 1400° for approximately 10 minutes to render 
them sufficiently conductive at 8 volts or less to be heated electrically. The sintered bars were then 
mounted between water-cooled copper electrodes and heated under vacuum or a helium atmosphere. 
An 8 KVA step-down transformer operating on a 230-volt single-phase input to give, 2, 4, or 8 volts at 
4,000, 2,000, or 1,000 amp., respectively, was used as a high-current source. The output could be varied 
continuously from zero to the maximum rated value by means of a variable autotransformer in the 
input circuit. 

A disappearing-filament type optical pyrometer was used in taking temp*rature readings. The 
pyrometer was calibrated by observing the m. p.s of pressed molybdenum and nickel bars by the above 
procedure. Two bars of molybdenum were observed to melt at 2590° and 2580°. The readings were 
taken through a Pyrex-glass window and were then corrected for absorption by the glass window using 
the relation, 1/T — 1/T, = —0-0000046, developed by Foote, Fairchild, and Harrison (‘‘ Pyrometric 
Practice,”” Nat. Bur. Standards, Tech. Paper 170, 1921, p. 117), where T is the true absolute tem ture 
and 7, is the apparent or observed absolute temperature. The corrected temperatures are therefore 
2628° and 2618°, r tively, which are in good agreement with the literature value of 2620° + 10° for 
molybdenum (Worthing, Physical Rev., 1925, 25, 846). The m. p. of nickel determined in the same 
manner was found to be 1448°, which is in fair agreement with the accepted value of 1452°. 
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Fic. 1. Fic. 2 
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* 50) C, 4-89. Uranium monocarbide, etched by dilute (x 500) C, 9-16% (approx.). Uranium dicarbide, furnace- 
: nitvic acid (1:1). cooled. Etched by dilute nitric acid (1:1). 








Fic. 3. Fic. 4. 


) 500) C, 10-66%. Carbide sample oil quenched from (x 250) C, 10-66%. Quenched sample shown in Fig. 3. 
m2700°. No laminations due to decomposed UC, ave Annealed at 2200-2300° for 20 mins. 10% Oxalic acid 
Wisible in this sample even at x 1000. Etched by dilute electrolytic etch. 

DMitric acid (1:1). 


(To face p. 5320 











Fic. 5. 
(x 500) C, 11-0%. Decomposed UC, and graphite; white 
aveas ave graphite inclusions ; sample originally heated 
to 2700°. 10% Oxalic acid electrolytic etch. 





Fic. 7. 


(x 100) C, 7% (approx.). Sample showing Widmanstatten 
structure; at 17-03% of carbon macrocrystals ave perfect 


cubes. 10% Oxalic acid electrolytic etch. 


Fic. 6. 


Decomposed UC, plus carbon; dark § (x2 
Note the regularity of the 


(x 250) C, 9-5%. 
heated to 


inclusions are free graphite. 
precipitated graphite. Sample originally 
2500° and furnace-cooled. Unetched. 
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Fic. 8. 


(x 500) C, 6-5%. Decomposed solid solution. Bands are 
Etched by dilute nitric acid (1:1). 


UC and UC,. 
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Fic. 9. 


(x 250). Sintered compact,C, 41%. Heated at 2100° for 
10 minutes. 


Fic. 11. 
(x 100). Thorium dicarbide. 


(x 250). Sintered compact, C, 4-92%. 





Fic. 10. 


(ThC) heated at 
2400° for 10 minutes. 





Fic. 12. 
(x 100). Fused sample ThC,—C euteutic, m.p. 2500° + 35°. 


Fic. 13. 
(x 250). Sintered compact, C, 7-2%, heated at 2400° for 21 minutes. 


Fic. 14. 
(x 250). Sintered compact, C, 8-0%, quenched in helium from 2655°. 
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Samples were also gout by heating pressed compacts in a an ee crucible under vacuum in a 
high-frequency induction furnace. The graphite crucible was well insulated with finely divided graphite, 
and a slow cooling rate was attained. is was desirable in experiments in which the equilibrium 
state of samples at room ere ay was studied. With this furnace the temperature dropped from 
2100° to 1400° in approximately $ hour, from 1400° to 1000° in approximately 1 hour, and then to near 
room temperature in about 10 hours. 

All alloys containing more than 4:0% of carbon decompose rapidly on exposure to atmospheric 
moisture and cannot be prepared for microscopic examination by the usual polishing procedure. Well- 
sintered 3’ x }” bars are completely disintegrated on 8 hours’ exposure to the atmosphere. These 
alloys are further characterised by extreme brittleness and friability. Furthermore, sintered alloys of 
the above composition range are very porous and this adds to the difficulty of obtaining a good polished 
microstructure. 

The best results in polishing these _——e were obtained by using fine-grit emery paper impregnated 
with paraffin wax. Polishing on a cloth wheel using a carborundum suspension in a carbon tetra- 
chloride—wax solution proved fairly satisfactory. 

Alloys containing less than 3-5% of carbon could be wet-polished by the usual procedure. 

Samples for X-ray powder-diagram studies were prepared in a dry box and sealed in small glass 
capillaries. 

" Monsiestite,—A m. p. maximum of 2625° + 25° was obtained at 4-92% of carbon, the composition 
of the monocarbide, indicating compound formation. This was confirmed by X-ray analysis and by 
microscopic observations. The structure of the monocarbide was observed to be face-centred cubic of 
the sodium chloride type with a, = &326A. 5.344 

The solubility of thorium in the monocarbide is appreciable at room temperature. The lattice 
constant varies from 5-28 a. at approximately 3-9% of carbon to 5-325. at 4:92%. At elevated 
temperatures the solid solubility range increases considerably and has an apparent limit of about 2% of 
carbon at 1950°. At room temperature all alloys containing approximately 3-9% of carbon to near 
0:2% are two-phase alloys, the two phases rs to that of the monocarbide and the metal. 
In this range of compositions, samples quenched from near their m. p.s also give no evidence for the 
formation of any compound with a carbon content less than that of the monocarbide. 

The microstructures of samples containing 4:1% and 4:92% of carbon are shown in Figs. 9 and 10, 
respectively. The black areas shown are principally voids. 

Dicarbide.—Another m. p. maximum of 2655° + 25° was obtained at 9-38% of carbon, corresponding 
to the composition of the compound ThC,. X-Ray analysis of samples of this composition gave a 
diffraction pattern corresponding to a pseudo-tetragonal lattice, as had been observed by Baenziger. 
Further work on the structure of this compound is being carried out by Mr. E. Hunt of this laboratory. 

A characteristic microstructure of the dicarbide is shown in Fig. 11. Since X-ray analysis shows 
only one phase present, the large number of bands and lines are believed to be due to twinning. 

The possibility of a transformation at some elevated temperature was also considered; however, 
samples of dicarbide quenched in helium from the melting temperature gave the same pseudo-tetragonal 
structure and the same microstructure as samples slowly cooled to room temperature. A 
sample prepared by heating thorium metal to approximately 2700° in a graphite crucible and then 
quenched from the molten state in oil also gave an X-ray diffraction pattern corresponding to a pseudo- 
tetragonal lattice. A slight change in lattice spacing was observed and this is believed to be due to 
the solubility of a small amount of graphite in the dicarbide. A few weak lines corresponding to maxima 
for free graphite were also observed but no evidence for any other phase. The dicarbide forms a 
eutectic with graphite melting at 2500° + 35°. This eutectic has been established by m. p. data and 
from a study of the microstructures of alloys containing more than 9-38% of carbon. A pressed 
compact corresponding to the composition of ThC, heated in a graphite crucible melted at between 
2500° and 2535°. By use of the method of Pirani and Alterthum, the m. p. of a sample containing 
14-1% of carbon was determined to be 2500°, and that of a sample containing 11-1% of carbon to be 
2545°. Evidently the m. p. of this eutectic was also observed to be approximately 2500° by Prescott 
and Hincke (J. Amer. Chem. Soc., 1927, 49, 2744), although it was mistaken by them as the m. p. of the 
dicarbide. A photomicrograph of the eutectic is shown in Fig. 12. 

In view of the above evidence it seems reasonable to conclude that no compounds of a higher carbon 
content than that of the dicarbide exist. 

Thorium does not form a uicarbide. Samples corresponding approximately to the composition 
of Th,C,, sintered at 2400° and slowly cooled to room temperature, were found to be two-phase alloys 
consisting of mono- and di-carbide. The lattice spacings of these two carbide phases were approximately 
the same as those for the pure compounds, showing little if any mutual solubility at room temperature. 
However, all samples of composition intermediate to that of the monocarbide and dicarbide when 
rapidly cooled in helium from their m. p.s gave microstructures indicating the formation of a complete 
series of solid solutions at elevated temperatures. Fig. 13 shows the microstructure of a sample containing 
7:2% of carbon slowly cooled to room temperature from 2400°, and Fig. 14 the structure of a sample 
containing 8-0% of carbon rapidly cooled in helium from its m. p. As the carbon content is increased 
beyond that of the monocarbide, the m. p.s decrease slightly and then gradually increase to that of 
the dicarbide. 


The authors gratefully acknowledge the assistance and co-operation of fellow members of the Ames 
Laboratory. Much of the X-ray analysis was conducted by Dr. R. E. Rundle, N. Baenziger, A. S. Wilson, 
and E. Hunt. Members of the analytical group under the direction of Dr. J. C. Warf performed many 
of the chemical ne. Dr. J. H. Carter did some of the early work on the identification of uraaium 
monocarbide. Mr. R. Nice was of assistance in conducting experiments on thorium—carbon alloys and 
in the preparation of photomicrographs of these alloys. 
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S66. On the Catalytic Properties of Element 84 (Polonium 210). 
By P. Bonet-Maury and M,. LErort. 


In the course of research on the decomposition of water by «a-rays of polonium, we have 
obtained evidence of a curious catalytic action of this element. When the ionising radiations 
act on an acid solution of titanic sulphate, hydrogen peroxide is formed which combines 


quantitatively with the titanic sulphate to give a yellow substance probably according to the 
equation 


OH, 7-- 
[Ti(OH),)- - +H,O, = [*. | 4+H,O (K = 1-12) 
“OH ° 
(Yellow.) 


With X-rays the coloration is independent of ionic linear density (i.e., of the wave-length 
of the radiation) and is a function only of the number of ion pairs formed in the solution. The 
coloration which is obtained in this way is very stable and permits a precise photocolorimetric 
determination of the absorbed energy (Bonet-Maury and Frilley, Compt. rend., 1944, 218, 127). 
In the case of the a-rays obtained from radon dissolved in the titanic solution, the coloration is 
likewise a function of the number of ion pairs formed, whereas dissolved polonium does not 
produce any coloration at the same ionic concentration. Investigation of this surprising, but 
regularly reproducible, phenomenon yielded the following information. 





oan 
wy 


d 
9 


| 
Ss 
T 


; 


s 





7o* 0° tw? tw’ + 1 Ww 






Polonium concentration in U.E.S./¢.c. : pf 
¢ , 0 


Rate of ap “omer of H20, yug./c.c./ 24hr. 
_.. = 


s 
' 








0 . 4 1 4 





— ' i 4 
‘tw Ssefrs = wo wm 3 10 
Cata/yst concentration ug./c.c 


(1) If the a-rays are permitted to penetrate the solution but the polonium atoms are 
prevented from entering it, a normal coloration of the reagents and an ionic yield of the same 
order as obtained for «-particles from radon are found. This may be done either by placing a 
source of polonium on nickel or silver foil above the surface of the titanic solution or by covering 
the source with a thin layer of shellac through which an important fraction of the «-radiation 
(65—80%) can penetrate and immersing this in the solution. The first method does not permit 
a satisfactory calculation of the absorbed energy even with favourable geometric conditions. 
With the second method we can determine the energy crossing the shellac directly in an 
ionisation chamber. However, the shellac ultimately tends to crack, thus allowing increased 
amounts of polonium to pass into the solution so that long experiments are not feasible. 
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(2) The titanic solution which has already been coloured by «-radiation can be decolorised 
by addition of small quantities of an acid solution of polonium. This effect is independent of 
the anion used. Since one would have expected the «-radiation from the polonium to augment 
the initial coloration, it is clear that the polonium itself must be exerting a catalytic effect. 

In order to obtain more precise results we have examined the influence of polonium and of 
the classical catalysts, such as manganese dioxide, silver, palladium, and platinum, on the rate 
of decomposition of hydrogen peroxide.* The results (see Figure) permit of a comparison of 
the catalytic action of polonium with that of platinum, the most active of the normal catalysts. 
The polonium shows for a rate of decomposition between 20 and 60 yg./c.c. an activity only 
slightly inferior to that of platinum. However, the range of the catalytic activity of polonium 
is much wider; e.g., whilst platinum shows no detectable action at 5 x 10~‘yg./c.c., polonium 
has a feeble but clearly observable effect down to 10~"yg./c.c.. 


LABORATOIRE CuRIE, INsTITUT DU Raptum, Paris. [Read, March 30th, 1949.]} 





S67. The Extraction of Carrier-free ™I from Pile-irradiated 
Tellurium. 


By A. W. Kenny and W. T. Spraaec. 


A method is described for the sentinn gee. in two working days, of carrier-free '*'I 
from pile-irradiated tellurium. The overall yield is better than 90%. 


NaTuRAL tellurium is a mixture of seven stable isotopes, four of which (}”Te, }*Te, Te, and 
18Te) yield radioactive isotopes by bombardment with slow neutrons. Each active isotope 
exists in two isomeric states, one of which decays to the other, although both are formed directly 
by (n, y) reactions. Subsequently, by §-emission, the iodine isotopes I, I, and I are 
formed from }*’Te, Te, and ™!Te, respectively. The reactions, elucidated by Seaborg, 
Livingood, and Kennedy (Physical Rev., 1940, 57, 363) may be summarised as follows (e~ 
stands for internal conversion electrons; half lives are in parentheses) : 


e £ max? f& max. 0-6 Mev. 
131Te (30 hours) ——> !Te (25 min.) —_———> 1] (8 days) ——————~> "Xe 
e B Max. 1-8 Mev. 
1%Te (32 days) ——~> ™Te(72 min.) —————> ™] (stable or very long-lived) 


e~ B Max. 0-6 Mev. 
127Te (90 days) ——> ™Te (9-3 hours) ——————> "I (stable). 


To estimate the efficiency of extraction of “I, the 0-6-Mev. 8-ray of half-life 8 days must 
be measured. This can be done only by means of a decay curve, which, with the necessary 
analysis, is shown in Fig. 1. To perform the normal analysis of successively extracting each 
period, commencing with the longest, observations should be made for about 200 days. 
However, after 70 days, only the two longest-lived isotopes are present in appreciable amount 
and each can be estimated from the observed rate of decay at any point. Alternatively, from 
an absorption curve of the radiations after this time the relative amounts of each may be 
estimated. 

In the first recorded separation of “I from tellurium (Seaborg and Livingood, ibid., 
1938, 54, 775) the latter was dissolved in nitric acid after addition of sodium iodide carrier, and 
the iodine liberated during solution was distilled into sodium hydrogen sulphite solution. 
Perlman,Chaikoff, and Morton (J. Biol. Chem., 1941, 189, 433) failed to obtain a reasonable yield 
of carrier-free +I by this method and they subsequently (J. Endocrinol., 1942, 80, 487) dissolved 
the tellurium in a hot solution of chromic oxide and sulphuric acid, distilling off the iodine after 
reduction with an excess of oxalic acid. The first detailed directions were published by Kamen 
(‘‘ Radioactive Tracers in Biology,” Academic Press Inc., New York, 1947, p. 231). No 


* In our experiments the rate of decomposition of hydrogen peroxide was constant during 24 hours 
and a function only of the concentration of the catalyst. This technique seems convenient for research 
on catalysis. 
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information about the yield or purity of product is given in any of these papers. In processing 
tellurium irradiated in the low-energy Harwell pile (G.L.E.E.P.), until recently the only pile in 
operation in this country, we found the yield of radio-iodine by this method to be about 60% 
unless distillation was continued until fuming of the distilland occurred, the remainder of the 
iodine then distilling off. This distillation rate is shown in Table I (excess of oxalic acid 
column), in which the activity of successive fractions of 10 ml. is reported. 


Fic. 1. 





© Experimental points. 
v 90 day period. 
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Decay curve of irradiated tellurium. 


TABLE I. 
Rate of distillation of I from tellurium. 
Excess of oxalic acid. Minimum of oxalic acid. 
: Counts/sec. in Counts/sec. in 
Fraction no. Volume, ml. 0-05 ml. Volume, ml. 0-05 ml. 
1 10-9 1570 10-3 3620 
2 14-1 275 10-2 513 
3 8-8 75 17-0 390 
4 10-0 31 12-6 79 
5 13-5 21 9-1 45 
6 12-0 18 11-8 25 
7 14-7 16 16-8 13 
8 15-8 14 15-0 12 
9 11-7 1600 11-8 ll 
10 13-4 174 — — 


Oxalic acid and, in the later stages of the distillation, formic acid distilled in amounts which, 
with the low activity of the tellurium available from G.L.E.E.P., rendered the product 
unsuitable for medical use without further purification. The distillate may be purified by 
oxidation with alkaline and acid permanganate, back-titration with oxalic acid, and redistillation. 
To avoid distillation of the oxalic acid and the necessity for this purification, the minimum 
amount of oxalic acid required was determined; this was found to be the amount required to 
reduce the excess of chromic oxide and to reduce about one-third of the tellurate to tellurite. 
When this minimum amount of oxalic acid is used, no organic acids distil off with the iodine, 
and, moreover, almost all the iodine distils off in the first fractions (Table I). 
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TaBLe II. 
Rate of distillation of H™ I from 5% sulphuric acid with and without oxidation by nitric acid. 
Without nitric With nitric acid; Without nitric With nitric acid; 
Fraction acid; counts/sec. counts/sec. in Fraction acid; counts/sec. counts/sec. in 
no.* in 0-05 ml. 0-05 ml. no.* in 0-05 ml. 0-05 ml. 

1 0-8 931 ll 1-1 8-2 

2 0-8 228 12 1-3 5-7 

3 0-8 118 13 1-6 3-9 

4 0-8 39 14 1-8 2-9 

5 0-8 44 15 3-3 1-8 

6 0-8 37 16 214-2 1-5 

7 0-9 21 17 213 1-3 

8 0-8 18 18 24-5 13 

9 0-8 14 19 22-7 0-8 

10 0-8 12 


* Each fraction = 10 ml. 


This inhibitive effect of oxalic acid was confirmed in simplified systems. Table II shows the 
rate of distillation of I from hydriodic acid in 5% sulphuric acid. It will be seen that the 
131] distils off only when the sulphuric acid is concentrated to about 20%. Addition of carrier 
hydriodic acid in this experiment has confirmed the presence of iodine in the distillate. The 
oxidation of the carrier-free H™!I by a trace of nitric acid in 5% sulphuric acid results in 
immediate distillation of ™4I. Oxidation of the “I with acid permanganate or dichromate 
takes the iodine to a higher oxidation level, and no distillation of iodine is observed in weak 
acid. Reduction of the permanganate or dichromate solution with the minimum amount of 
oxalic acid results in immediate distillation of the iodine, whereas the presence of excess of 
oxalic acid partly inhibits the distillation until the acid is concentrated to about 50% (Table III). 


TaBLeE III. 
Rate of distillation of ™I from HIO, reduced with minimum or excess of oxalic acid. 
Minimum of Minimum of 
oxalic acid; Excess of oxalic oxalic acid; Excess of oxalic 
Fraction counts/sec. in acid; counts/sec. Fraction counts/sec.in acid; counts/sec. 
no. 0-05 ml. in 0-05 ml. no. 0-05 ml. in 0-05 ml. 
1 402 486 1l 34 5 
2 180 72 12 28 4 
3 124 25 13 26 4 
4 124 29 14 4 
5 104 28 15 12 5 
6 94 27 16 12 ll 
7 76 23 17 6 52 
8 70 17 18 2 184 
9 60 12 19 1-4 352 
10 44 7 20 1-2 95 


These experiments show that carrier-free radio-iodine behaves like iodine in macroscopic 
quantities in that it distils readily as iodine, but not as hydriodic or iodic acid. This was worth 
confirmation as curious results have often been reported with carrier-free radio-elements. It 
would appear, therefore, that the effect of an excess of oxalic acid is to convert some (up to 
50%) of the I into hydriodic acid. This might occur by direct interaction of oxalic acid with 
iodine, or by interaction of oxalic and sulphuric acid with formation of sulphur dioxide. The 
latter interpretation is favoured as we have been unable to detect iodide after heating iodine 
and oxalic acid in aqueous solution, although a trace has been detected in the presence of 5% 
sulphuric acid. This would explain why distillation is inhibited in the presence of undissolved 
tellurium, which would also liberate sulphur dioxide with hot sulphuric acid. 

In large-scale production of radio-iodine from irradiated tellurium, both the yield and the 
distillation rate are somewhat variable when an excess of oxalic acid is used, but on all occasions 
some 11] remains in the distilland until fuming begins. With the minimum amount of oxalic 
acid, however, 90% of the ‘I is obtained in the first fraction, no organic acids distil, and there 
is no evolution of carbon dioxide during distillation, which, when an excess of oxalic acid is 
used, carries appreciable quantities of ™'I through the receiver, necessitating the use of extra 
traps. 

The yield is obtained by measurements on ca. 1 mg. of the active tellurium, and on an 
aliquot of the final solution : since the two measurements are made under identical conditions, 
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corrections for geometry, counter efficiency, absorption in air, counter window, etc., need not be 
made, as they cancel when the ratio is determined. A small correction might be required for 
self-absorption in the tellurium. By adopting the decay scheme of Metzger and Deutsch 
(Physical Rev., 1948, '74, 1640) and using an interpolated value for the absorption coefficient of 
the softer B-ray, it is easily shown that the correction to the yield on this account is much less 
than 1%. 


EXPERIMENTAL. 


The following method is recommended for processing 50 g. of irradiated tellurium. 200 G. of 
potassium dichromate or 136 g. of chromium trioxide, are placed in a 3-1. flask, followed by the tellurium, 
so as to avoid possible caking if precipitated tellurium is used. 1 L. of 50% (by volume) sulphuric acid 
is added. Cautious warming to ca. 80° initiates a vigorous reaction. If tellurium ground in a mortar 
from a lump of cast metal is used, the reaction does not normally get out of hand, but if precipitated 
tellurium is used water-cooling may be required. After the reaction has subsided, the mixture is heated 
under reflux for ca. 2 hours to ensure complete dissolution, as radio-iodine does not distil if any tellurium 
remains undissolved. 118 G. of oxalic acid dihydrate are added to the cold solution, and reaction is 
effected by cautious warming. On completion of the reduction, 200 ml. of distillate are collected in 
1 ml. of N-sodium hydroxide containing a trace of sodium sulphite. The mixture is then evaporated to 
a suitable volume and made up to a suitable pH. 

Experiments with this method scaled down for 10 g. of tellurium and with gradual addition of the 
oxalic acid showed that distillation of iodine is possible when 23-3—23-6 g. of oxalic acid dihydrate have 
been added (equiv. to 116-5—118 g. for 50 g. of tellurium). 

The acidity of the distillate is shown in the following results obtained in experiments using 10 g. of 
tellurium : 


(a) 23-3 g. of oxalic acid. (6) 51-5 g. of oxalic acid. 

Fraction no. Volume, ml. Nn-NaOH, ml. Volume, ml. nNn-NaOH, ml. 
1 8-8 0 11-2 0-20 
2 9-5 0 9-5 0-22 
3 11-0 0 10-8 0-65 
4 9-9 0 10-0 0-80 
5 9-8 0-10 13-0 1-40 
6 9-5 0-25 12-2 1-75 
7 9-2 0-30 16-4 3-10 
8 10-3 0-40 8-2 1-50 
9 13-3 0-65 — — 


The extra acidity when an excess of oxalic acid is used is due to oxalic and formic acid and carbon dioxide. 
Spectroscopic examination of the distillate revealed no impurities; the concentration of tellurium or 
chromium is not more than 50y in the 200 ml. of distillate. 


We thank the Director, Atomic Energy Research Establishment, for permission to publish this paper. 


Atomic ENERGY RESEARCH ESTABLISHMENT, 
HARWELL, Dipcot, BERKs. [Read, March 29th, 1949.] 





$68. Preparation of Carrier-free *P from Pile-irradiated Sulphur. 
Part I. Adsorption of *P on Ferric Hydroxide and Dialysed Iron. 


By A. W. Kenny and W. T. Spraae. 


The removal of radio-phosphatz on ferric hydroxide in alkaline solution, and on dialysed 
iron in acid solution, has been investigated. On ferric hydroxide, the efficiency of adsorption 
of radio-phosphate decreases with increase of pH from 10-5 to 13-0. The presence of sulphate 
ion has little effect on the adsorption. On dialysed iron in the pH,range 1-0—4-0, phosphate 
adsorption in the presence of sufficient sulphate to complete precipitation of the radio-phosphate 
has been measured. The amount of phosphate adsorbed is decreased if the sulphate 
concentration is increased beyond the minimum required for precipitation of the dialysed iron. 
This effect decreases markedly with increase of pH. Radhe-gheshete can be selectively 
adsorbed by dialysed iron from solutions containing chromium and aluminium at pH 2-0. 
The relationship between concentration of radio-phosphate and the amount of ferric hydroxide 
-or dialysed iron required for maximum recovery of radio-phosphate has been determined. 


THE preparation of carrier-free radio-phosphorus by irradiation of carbon disulphide with fast 
neutrons has been described by Fermi et al. (Proc. Roy. Soc., 1934, 146, A, 483; 1935, 149, A, 
522; Chiewitz and Hevesy, Nature, 1935, 186, 754; Erbacher and Philipp, Ber., 1936, 69, 
893). Although carbon disulphide is a convenient target material when a radium—beryllium 
source of fast neutrons is used, yet sulphur itself has many advantages in pile irradiations. 
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The extraction of radio-phosphorus from pile-irradiated sulphur has been described by Cohn 
(Isotope Branch Circular No. C-1, U.S.A.E.C., 7.1.47; cf. Hevesy, ‘‘ Radio-active Indicators,” 
Interscience Publishers Inc., New York, 1948, 3). The present work has been concerned with 
the losses observed at the various stages of the Cohn method and with adapting that method for 
production purposes at Harwell. The method can be divided conveniently into four stages : 
(1) the extraction of the radio-phosphorus from the molten irradiated sulphur by boiling nitric 
acid; (2) separation of the phosphate formed from anionic impurities, e.g., sulphate, by 
precipitation of ferric hydroxide with ammonia in the solution; (3) removal of the ferric ion, 
and (4) removal of other cationic contaminants on an ion-exchange column. However, if large 
amounts of cations are present, particularly chromium and aluminium, significant amounts of 
radio-phosphorus are retained in the ion-exchange column, and Cohn recommends that this 
stage be replaced by the usual purification by phosphomolybdate; this requires addition of 
carrier phosphate. 

As it was desired to prepare the radio-phosphate on a production scale in stainless-steel 
vessels, it appeared that a new method for the separation of the radio-phosphate from chromium, 
etc., would have to be worked out. The results obtained on the precipitation of radio-phosphate 
on ferric hydroxide could be explained on the basis of the well-known preferential electrostatic 
adsorption of tervalent as compared with bivalent ions on a colloidal surface. The lack of 
adsorption of the phosphate at pH 13-0 could then be ascribed to the ferric hydroxide being 
amphoteric in character and having an isoelectric point somewhere above pH 13-0, i.e., that any 
charge on the particles of ferric hydroxide was very small at pH 13-0 or indeed even reversing 
its sign somewhere in this region. 

It seemed likely that, by choosing another positively charged sol, selective adsorption of the 
radio-phosphate might be induced in weakly acid solutions. The sol selected would have to be 
capable of easy removal from the phosphate aad be reasonably stable at about pH 1-0—2-0 
where both chromium and aluminium would still be present in solution as cations and not as 
finely dispersed colloids. Dialysed iron, which is electropositively charged in the desired range 
of pH and can be dissolved in concentrated hydrochloric acid, seemed to be an ideal choice. 
Determinations of the adsorption of radio-phosphate in acid solution by dialysed iron were 
therefore carried out. 

EXPERIMENTAL. 

The following experiments were designed to investigate the effect of one or more variables on the 
adsorption of radio-phosphate on ferric hydroxide or on dialysed iron, the variables — pH, sodium 
sulphate concentration, ferric hydroxide or dialysed iron concentration, and radio-phosphate 
concentration. In most cases appropriate amounts of a variable were pipetted into 15-ml. centrifuge 
tubes containing known amounts of radio-phosphate and ferric alum or dialysed iron. The precipitation 
of the ferric hydroxide or dialysed iron was induced by adding respectively a known concentration of 
alkali or sodium sulphate solution. Variation of hydrogen ion concentration was accomplished by 
adding decreasing amounts of hydrochloric acid, ammonium hydroxide solution, or sodium hydroxide 
solution. The precipitate was centrifuged off, and the number of disintegrations per minute of the 
radio-phosphate remaining in the supernatant liquid was determined by evaporating a definite volume 
to dryness on an aluminium tray, which was then placed in a standard position under the window of a 
Geiger—Miiller counter situated in a lead castle of conventional design. No corrections for self-absorption 
of the f-rays in the samples were made. All concentrations quoted in the tables were the final 
concentrations of the particular variable after addition of all reactants and before removal of the 


precipitate by centrifugation. The results of the first table are plotted in Fig. 1, and some of those in 
the fourth table in Fig. 2. 














Fic. 1. 
r Blank count « 2430/min. 
20 ° 
os 
S 
16} 
s e 
& 12} 
2 
5 oF 
s 
tt e0 90 00 10 720 73-0 
pH. 


Precipitation of **PO,” on Fe(OH). 








S 328 


40 


Kenny and Spragg: Preparation of 


Fic. 2. 














o——O 0-012 % Na2S0, 
o—<3 0-:125% -» 

O---0 025% 
oF OSS 
X= 10 Jo 











5 


20 
Counts remaining in supernatant liquid x 10? 





F”) ” 


Adsorption of **PO,” on dialysed iron. 


Effect of pH on adsorption of radio-phosphate on ferric hydroxide. 





of alkali. 
1: ‘81% MEOH 
% 


H of pH of 
Tube Counts/ supernatant Final concn. Tube Counts/ supernatant Final concn, 
no. min. liquid. of alkali. no. min. liquid. 
1 2368 12-98  0-2n-NaOH 7 70 10-09 
2 2119 12-53 0-ln-NaOH 8 60 9-74 0-93 
3 1009 11:12 0-05n-NaOH 9 41 9-43 00-47% 
4 36 8-10 0-025n-NaOH 10 35 9-11 0-23% 
5 124 10-80 7:-5% NH,OH ll 64 7:67 0-12% 
6 109 10-44 si ae 12 2328 2:36 0:06% 
Blank 2430 _ 


(Note.—Total amount of F 
electrometrically by means of 


e Py we as hydroxide = 0-5 mg./ml. 


e Cambridge Alka electrode.) 


Radio-phosphate remaining after ferric hydroxide precipitation. 


Concn. of Fe (mg./ml.) before 


All values of pH were determined 


centrifuging. Activity (in counts/min.) * remaining after precipitation. 

0-16 55,535 25,944 13,470 5462 2668 1331 601 382 

0-32 12,427 5,884 2,425 1378 526 272 177 88 

0-625 3,740 1,821 798 338 237 91 68 30 

1-25 759 385 195 109 94 61 16 99 

2-50 341 156 143 54 26 19 95 80 

5-0 238 111 32 104 15 13 12 50 

10-0 54 17 127 13 4 3 6 12 

Concn. of radio-phosphate be- 

foxe centrifuging (in pc. /ml.) 200 100 50 25 125 625 3-17 1-6 


* 1000 Counts/min. = 0-67 yc. /ml. 


0-8 


Effect of pH and sulphate concentration on the adsorption of rvadio-phosphate on ferric hydroxide. 
(Blank count on radio-phosphate = 559 cts./min.) 
Final concentration of sodium sulphate, %. 





: 7-5. 3-75. 1-87. 0-94. 
Final concn. of 

alkali. Cts. /min pH. Cts. /min. pH. Cts. /min. pH. Cts. /min. pH. 
O-2n-NaOH ........000 388 12-78 346 12-86 396 12-98 367 13-03 
0-1n-NaOH ............ 432 12-46 341 12-56 396 12-43 352 12-65 
0-05n-NaOH ......... 481 11-93 317 11-79 346 12-00 324 12-12 
0-025n-NaOH ......... 405 11-20 181 11-61 119 10-66 162 10-84 
3n-NH,OH ............ 146 11-10 90 10-81 52 10-84 — — 
1-5N-NH,OH ......... 106 10-8 52 10-66 55 10-62 37 10-43 
0-75N-NH,OH ...... 62 10-6 25 10-52 30 10-54 24 10-21 
0 re bois 48 10-4 24 10-25 17 10-28 17 9-89 
0-19N-NH,OH......... 22 10°15 14 10-04 1l 9-98 16 9-65 
0-095N- NH.OH jaune 12 9-96 13 9-79 10 9-76 7 9-29 
0-048n-NH,OH ...... 14 9-07 0 9-54 2 9-36 2 8-98 
0-024n-NH,OH ...... _— _— 4 9-10 4 8-96 0 8-68 
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Effect of sulphate concentration on the adsorption of radio-phosphate by dialysed iron in the 
pH range 1-0—4-0. 
(Blank count on radio-phosphate = 6000 cts. /min.) 


Final Activity (in cts./min.) in 0-1 ml. of supernatant liquid. 
Na,SO, Cts. / Cts. / Cts. / Cts. / Cts. / Cts. / Cts. / 
concn.,%. min. pH. min. pH. min. pH. min. pH. min. pH. min. pH. min. pH 
1-0 2411 1-0 1975 1-5 1192 19 6525 21 258 26 304 27 406 3-0 
0-5 2350 1:0 1874 15 887 19 782 21 299 26 261 2-7 223 3-0 
0-25 — — 1691 15 946 18 820 20 — — 102 27 40 3-0 
0-125 1481 1:0 1210 15 681 16 324 20 136 24 60 27 43 2-9 
0-062 1102 10 686 15 418 16 332 1-9 88 23 51 26 19 29 
0-031 420 10 385 15 182 16 98 1-9 29 «2-2 29 26 42 29 
0-016 638 10 250 14 151 16 66 1:8 36021 28 25 16 4-4 
Final concn. 
of HCl: 0-1n. 0-05N. 0-025nN. 0-0125n. 0-0062N. 0-0031N. H,O 


Effect of radio-phosphate concentration and dialysed iron concentration on the adsorption of 
vadio-phosphate at pH 2-4. 
(1000 Counts/min. = 3-76 yc./ml.; pH of all tubes = 2-3.) 


Dialysed Fe concn. 
(mg./ml.) before 


centrifuging. Activity (in cts./min.) in 0-02 ml. of supernatant liquid. 
0-39 31899 13624 4758 2393 230 161 802 54 18 
0-78 13476 5320 2797 451 119 58 27 18 16 
1-56 10039 1852 793 284 49 19 14 17 12 
3-12 2253 723 301 132 39 17 8 7 10 
6-25 724 230 95 114 13 12 9 6 9 
12-5 141 65 64 99 —_ 21 9 7 8 
25 125 75 112 102 18 16 23 ll 7 


Concn. of radio-phos- 
phate before centri- 
fuging (yc. /ml.): 215 107-4 53-7 26-85 13-42 6-71 3-35 =1-67 0-83 


Adsorption of Cations on Dialysed Iron.—A solution was prepared containing 233 mg. of 
Al,(SO,)3,18H,O and 157 mg. of Cr(NO,)3,9H,O in 100 ml. of water, the pH being adjusted to 2-0. A 
5-ml. sample was pipetted into each of 2 centrifuge tubes containing 1-0 ml. of 0-5% dialysed iron. 
Precipitation occurred immediately. The precipitate was centrifuged off, re-suspended in 5 ml. of 
n/50-hydrochloric acid, and centrifuged off, and the —- repeated, the addition of a trace of ammonium 
sulphate being required to prevent peptising on the second washing. The precipitate was then dissolved 
in 1 ml. of 7N-hydrochloric acid and diluted to 5 ml., 0-1 ml. of this solution being taken for spectroscopic 
analysis. Less than 1 p.p.m. of Cr and less than 1 p.p.m. of Al were found. 

The experiment was repeated, using 20 mc. of **P in 2 1. of n/100-acid containing contaminants from 
stainless-steel apparatus. 5 Ml. of commercial dialysed iron were used for Se and the 
precipitate (containing 95% of the radio-phosphorus), after being washed twice, was dissolved in 20 ml. 
of 8n-hydrochloric acid and analysed spectrographically after the iron had been removed by extraction 
with isopropyl ether. The analysis is compared with an analysis of a similar amount of the commercial 
dialysed iron—which was rather impure—after extraction of the iron by the same method : 


Fe. Mn. Cr. Al. Ni. 
Radioactive sample .............+0++. <2 20 3 1 < | - 
RIE sniscsnieindensdiennsitcenees <2 20 4 1 <2} P-P-™. 


Discussion.—The amounts of *P present in the above experiments as radio-phosphate are 
of the order of 10-°—10-™ g., and it has not been possible to estimate how much inactive 
phosphate, up to say 10-7 g., may be associated with the so-called carrier-free material. As 
indicated in the introduction, the ferric hydroxide shows marked adsorption of radio-phosphate 
at hydrogen-ion concentrations up to about pH 10-5—11-0; above pH 11-0 the adsorption falls 
rapidly to zero (cf. Cohn, Joo. cit.). The suggested explanation of this effect, outlined above, is 
partly borne out by the fact that the observations obtained with a stable positively charged sol 
in slightly acid solution were of a remarkably similar nature. In the case of dialysed iron, the 
addition of an anion of lower valency was essential in order to complete precipitation, as the 
concentrations of radio-phosphate were far below the precipitation concentrations. Sulphate 
was chosen as it would certainly be present in any digestion of sulphur with nitric acid, and it 
was essential to know precisely to what extent the adsorption of sulphate would compete with 
that of phosphate in acid solution. It will be seen from the fourth table and Fig. 2 that, with 
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dialysed iron, the effect of sulphate ion decreases with decreasing acidity, but with ferric 
hydroxide (see third table) the effect of sulphate ion is very small even in high concentration. 
From the second table a rough proportionality is observed between the amount of radio- 
phosphate present before centrifuging and the amount left in the supernatant liquid, but this 
does not hold for radio-phosphate adsorbed by increasing amounts of iron. 

As expected, no adsorption of chromium and aluminium is observed, but dialysed iron of 
greater purity than that commercially available would have to be prepared. Preliminary trials 
with purified materials have shown exactly similar results. The use of dialysed iron will permit 
the preparation of carrier-free radio-phosphate even under conditions of high chromium and 
aluminium contamination. The results reported above show that, radio-phosphate being used 
as a tracer, it should be possible to make quantitative observations on the amounts of phosphate 
adsorbed on colloid surfaces. Further work on this aspect of the results is in progress. 


The authors thank the Director, Atomic Energy Research Establishment, Harwell, for permission to 
publish this work. 


Atomic ENERGY RESEARCH ESTABLISHMENT, 
HARWELL, Dipcot, BERKS. (Read, March 29th, 1949.} 





S69. On the Direct Production of Carrierless Organic Radio-halides. 


By E. Giuecxkaur, R. B. Jacosi, and G. P. Kirt. 


Direct production of carrierless organic radio-halides in the thermal column of a pile was 
generally successful in the cases of simple compounds of not too long half-life. In the cases of 
radio-halogens of long half-life like **Br (34 hours) only methyl bromide could be produced in 
sufficiently large yields utilising a method whereby the methyl bromide vapour is constantly 
removed from the reaction zone. 

Purification of the carrierless halides by distillation and chromatographic separation does 
not seem to cause any difficulties. 


In biological experiments with radio-tracers it is usually desirable to use the radioactive 
substance with as little dilution as possible by its non-active isotopic compound. 

The quantities of pure radioactive material involved, even in the case of highly active 
preparations, however, are exceedingly small. To give an example: 1 curie of Me!I 
(r = 25 min.) weighs 1-4 x 10-° g., though in the case of Me™!I (r = 8 days), the quantity 
reaches 0-6 x 10 g. 

The usual methods of organic synthesis are obviously inadequate when dealing with 
substances on the pg. scale and it was thought worth while to investigate whether Gliickauf 
and Fay’s method (/., 1936, 390), utilising the recoil energy of the radio-halogen, would lead to 
the direct production of amounts of pure radio-halides of substantial activity. Gliickauf and 
Fay had found that irradiation of organic halides or of mixtures of organic substances in the 
presence of halogens or halides leads to the production of new species of organic compounds, 
which after the addition of inactive carrier compounds could be easily separated and identified, 
as shown in the following scheme. 


Production of new chemical species by neutron radiation. 
Irradiation of 127I CH,I + 2 


Formation of compound nucleus 1°] CH,I * 

Emission of y-ray accompanied by recoil of 1**I CHg + vy + [use 

Interaction of recoiling 1**I with surrounding matter I* 4 + CH;I 
a 


v 


qr 
Products isolated by Szilard & Chalmers (1934) eH ; + | 43% 
2 


I” +CH,I* 46 
" i Glickauf & Fay (1936) {i tomue 116 
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New species produced in this way are indicated below : 


Some new chemical species produced by neutron irradiation. 


CH,°CO,H + X, CHX, from CH,X, 
CH,X from {G H,-OH + X, C,H,X from cee + CH,X 


CH,X, from {6 oH, + Xs 


CH,X-CO,H C,H,X, from C,H,X 


The yields varied between 4 and 20% of the total activity. Experiments of this type have also 
been carried out by Libby (J. Amer. Chem. Soc., 1940, 62, 1930) and recently by Reid (Physical 
Rev., 1946, 69, 530), who obtained a yield of about 25% of amyl iodide by irradiating iodine in 
pentane. 

When trying to step up these reactions from the tracer-scale by many factors of 10, 
by utilising the high neutron fluxes in a pile, difficulties arise, which are essentially due to three 
causes : (1) the absence of a protecting carrier material; (2) the presence, during the production 
process, of ions and radicals due to the high radiation level inside a pile; (3) destruction of the 
compounds formed by impact of fast particles, in particular protons resulting from collision 
of fast neutrons with organic matter. 

The first fact may lead to the adsorption of the tracer compound by walls and colloidal 
particles, so that it becomes difficult to separate the radio-halides from the bulk of the irradiated 
materials. The second results in an increase of chemical exchange after the formation of the 
new species with inactive halogen, in particular of the ionic form, which in the case of aliphatic 
halides can result in great losses of activity. The mechanism of these losses of specific activity 
has been discussed recently by Williams (J. Physical Coll. Chem., 1948, 52, 603). 


Fic. 1. 


Chromatographic separation of carrierless radioactive CH,l,. 
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The main problems can therefore be divided under two headings: (a) to find conditions 
where subsequent destruction and exchange is a minimum, and (b) to devise methods of 
separating the minute quantities of active material from the bulk of the irradiated substances. 

The obvious answer to the first problem is to carry out irradiation in the thermal column 
of the pile, though the neutron flux in this region is greatly reduced. If decomposition by y-rays 
is not negligible, lead shielding may be provided. 

For the separational problem, however, no general solution applies and methods have to be 
elaborated according to the substance to be produced. Several examples are described which 
may serve as prototypes for further studies. 

(1) Carrierless CH,I1* from CH,1.—5 G. of methyl] iodide were irradiated for 30 minutes in the 
thermal column of the Harwell pile. They were subsequently extracted with aqueous sulphurous 
acid to remove the Szilard—Chalmers I, and I- (roughly half the activity). 0-2 Ml. of the 

x 
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extracted organic solution was put on a chromatographic column containing about 40 g. of 
active charcoal and developed with light petroleum. The eluate was passed through a glass 
spiral under a Geiger—Miiller counter. Two bands of activity were observed (see Fig. 1). The 
first corresponded to methyl iodide and the smaller, second band to the carrierless methylene 
iodide. This could be proved by irradiating an approx. 1: 1 mixture of these two compounds. 
In this case (see dotted curve of Fig. 1) two bands of approximately equal activity were observed 
in the same positions as the two bands in the first experiment, which were followed by a much 
smaller third band which, as one would expect, is due to active iodoform. 

An improvement in the separation could be produced by partly distilling off most of the 
methyl iodide from the carrierless methylene iodide in a similar manner to that described 
for iodobenzene (see below). This would reduce the width of the methyl iodide band in the 
subsequent adsorption analysis and thus result in a cleaner separation of the methylene iodide 
band. 

(2) Iodobenzene from Iodine in Benzene (saturated).—It is known that iodobenzene does not 
exchange its iodine with either iodine or iodide ions (McKay, Nature, 1937, 189, 283), and it was 
therefore expected that this reaction would give an excellent yield under pile conditions. This 
was borne out by the experiments. The irradiated mixture was extracted with aqueous 
sulphurous acid, whereby consistently 82% of the activity was removed as I-. The benzene, 
which retained 18% of the activity, was subjected to various treatments. 


(a) Distillation of 8 ml. of benzene after addition of 2 ml. of decalin and 2 ml. of heavy solvent : 
Activity in % of 


Fraction. organic activity. Remarks. 
Benzene (80°) .......... 6 Remains practically constant 
Decalin (184°) .......... 45 Constant (30 times the activity of benzene) 
Heavy solvent (240°) ......... 29 Activity falling off steadily 
PED nvcdntsvacnsssnsdSecsdcccepeavesesesosetes 19 Coke 





(b) Irradiation with carrier (PhI, 2 drops). Aqueous sulphurous acid removed only 77%. 
The benzene fraction with 23% of organic activity, after addition of 2 ml. of iodobenzene and 
3 ml. of heavy solvent gave the following fractions : 


Activity in % of 


Fraction. organic activity. Remarks. 
PIAS» ccccaticorstasecesounsarobenidenemannen 11 Remains practically constant 
Of Sg re ere 48 Constant (18 times the activity of benzene) 
Heavy solvent (210—244°)..............200+ 36 Activity falling off sharply 
IND dt vn ich nadervontsnndecesndss Grevevennsdsen 5 Few drops 
Fic. 2. 


Distillation histograms (a) without and (b) with carrier. 
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The distillation histograms are shown in Fig. 2(a) and (b). Comparison shows that in both 
cases most of the activity must be iodobenzene, but the yield of organic activity is decidedly 
greater in the case where carrier had been added. It is also apparent that the distillation 
proceeds more smoothly in the cases where carrier is present. Chromatographic separation of 
the irradiated mixtures on alumina shows that the carrierless activity consists to at least 93% 
of pure iodobenzene (see Fig. 3). 
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(c) After carrierless irradiation, the aqueous sulphurous acid extracted benzene was dried 
and evaporated in a wash-bottle by an air stream passing over it (at 40°). Less than 10% of 
the activity was lost during the total evaporation of the benzene. After all the benzene had 
evaporated no further loss of activity was produced even by prolonged passage of air current, 
though the vapour pressure of iodobenzene is large enough at this temperature to evaporate the 
minute quantity in an instant. Apparently the active iodobenzene is retained quantitatively in 
the trace of resinous material which forms a thin film on the glass after evaporation of the 
benzene. The activity was quantitatively removed by washing with 5 c.c. of iodobenzene and 
other solvent, and on distillation of the mixture most of the activity was found in the iodobenzene 
fraction. 

Fic. 3. 


Elution curve of C,H,1**I from charcoal column. 
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It would appear that this method provides an excellent means for separating tracer amounts 
of organic iodine compounds from the bulk of the lighter solvents from which they have been 
produced. Further purification of the remaining trace activities is then best obtained by 
chromatographic separation on charcoal, using light petroleum (b. p. 40—60°) as solvent for the 
development. After chromatographic purification most of the light petroleum can be 
evaporated without significant loss of activity, but all the activity, i.e., the trace of iodobenzene, 
disappears together with the last drop of solvent, an indication of the absence of protecting resins. 

(3) Iodobenzene from Benzene and Methyl Iodide (5% by vol.).—Since an attack by iodine on 
benzene is conceivable under irradiation conditions, an experiment was made in which the 
iodine was added in the form of methyl iodide, Extraction and distillation gave the following 
percentages of total activity in the various fractions : 


C,H, + CH,I 

Irradiated mixture. (8 mols. %). C,H, + I, (satd.). 
Aqueous extract...........sccecceee 63 ° e 
Se tithcteinsetidediiesanessoncthe is} 79% 82% 
BRIID chev cccsccccvccccsscacspesccee 1 
BR icndnnecgenpecisnckindtgesssioess ll 8 
Heavy solvents ...........ccsccceees «} par (est.) 18% 5} Phi (est.) 16% 
DED © winccenccciedecsdigendebnionees 7 4 


Comparison with the iodine experiments shows no essential difference, especially if one 
takes into account that the decalin fraction would contain methylene iodide to approximately } 
of the methyl iodide fraction, thus bringing the iodobenzene content down to 18%. It is, 
however, surprising that the yield of active methyl iodide should be as much as 15% of the 
total activity in spite of the dilution with 13 moles of benzene per mole of methyl iodide, as 
pure methyl iodide gives a yield of CH,I* only 3 times greater (see Glueckauf and Fay, Joc. cit.), 

(4) Bromobenzene from Benzene and Methyl Bromide.—An example of the destructive effect 
of prolonged irradiation is provided by the comparison of the foregoing experiment with the 

X2 
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analogous **Br experiment which was subjected to 100 times longer irradiation. Separation 
by distillation and chromatography led to the following distribution of **Br activity : 


Fraction. 8*Br (34 hr.), %. 1*1 (25 min.), %. 
Aqueous extract ..............cceeeeeeee 11 63 
SII cis cons Ciscuccni&eranigndaatcte ) ) 14 
MINNIS Pacaccvvedinke doceetsesenns aves j 3 
GREE ccccscavweckacdcctitbcssdaces’ 4 13 
CoH, (Hal) ........-0eeceeceeeeeeeeeeeee > : 
I ntuinteinedridcncivagathanasahheteee 71 


We see that not only all the organic radioactive compounds suffer considerable destruction, 
but practically all the halogen of the aqueous extract apparently interacts with resins formed 
by the radio-chemical destruction of benzene. This kind of clean-up of inorganic halide is 
still more pronounced when irradiation is carried out, not in the thermal column, but in a fast 
neutron flux. After irradiation for 2 hours of a few mc. of “I dissolved in benzene, no free 
iodine could be extracted by aqueous solutions, and the benzene solution, which was originally 
coloured by carrier iodine, was completely colourless after irradiation. It would appear from 
this that the production of really high activities of long-lived organic radio-halides meets 
considerable difficulties. 

(5) Carrierless Methyl Bromide.—Special interest attaches to reactions in which long-lived 
radioactive methyl bromide is produced, because high volatility of the product renders possible 
its continuous removal from the reaction zone and thereby offers a possibility of producing 
considerable quantities of high specific activity. The apparatus used is shown in Fig. 4. 
250 Ml. of liquid could be refluxed under irradiation while a very slow stream of dry hydrogen 
removed the methyl bromide formed. The emerging gas was freed from any hydrogen bromide 
by passing though a potassium hydroxide solution, organic bromide vapours were removed in 
a trap cooled with solid carbon dioxide, and the methyl bromide was finally frozen out with 
liquid nitrogen. 

Fie. 4. 
Apparatus for continuous production of CH, **Br in the pile. 
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Several reactions were tested by irradiation of (1) CH,-COBr, (2) CH,°CO,H + CaBr,, 
(3) CH,CO,H + 10% CH,Br°CO,H, (4) CH,°CO,H + 10% C,H,Br,. In all these cases the 
fast-recoiling radioactive bromine atom (or ion) replaces the CO,H or COBr group, thus 
resulting in the formation of methyl bromide. 

Only insignificant activities of methyl bromide were produced in reactions (1) and (2). 
Though large quantities of hydrogen bromide were obtained in reaction (1), it was apparent 
that in this case the methyl bromide formed must have exchanged quickly with either the 
hydrogen bromide formed by decomposition or, in reaction (2), with the bromide ions present. 

These possibilities of subsequent exchange were reduced in reaction (3) and especially 
in (4). Reaction (3) yielded quantities of the order of 1—5 mc. of pure methyl bromide, and in 
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reaction (4) as much as 50 mc. of methyl bromide was obtained in an invisible quantity of 
material. (The activities extracted from the reaction vessel could be doubled by adding 100 mg. 
of methyl bromide carrier to the mixture before irradiation). 

It is conceivable that the greatly increased yield of reaction (4) may be due, not only to the 
greater stability of dibromobenzene, but also to the clean-up effect of inorganic halogen, 
described before, which would drastically reduce any possibilities of chemical exchange with the 
directly formed methyl bromide. 

In order to check the chemical identity of the active material so obtained, the following 
purification train was used : 


CH,Br ———————> Trap A ——————> TrapB ———————> TrapC 
KOH Cooled with Coated with 
Solution solid CO, liquid N, 
The trap C, in which the methyl bromide was collected, was detached and investigated 
separately in the following train : 


Air —— TrapC —— > TrapD —— > TrapE —— > TrapF 
(warmed) ; : i 


$cc.H,O  lc.. ef bensins Couied with 
+ 4 CH,Br liquid N, 

A slow air current was passed through C, D, E, F, which quickly removed the activity from 
CviaDandEtoF. As less than 1% stayed in D and E, it was clear that the product in C was 
free from hydrogen bromide and heavier organic bromo-products. It was noticed that C 
remained very active at first, an activity which could not be removed even by flaming the glass 
tube. However, this activity decayed with an 18-minute period. The obvious explanation 
is that this was due to the conversion of 4-4-hr. CH,®Br to the 18-min. Br which reacts with 
the glass and therefore cannot be removed. 

The activity finally collected in F consisted of 4-4-hr. methyl bromide and 34-hr. methyl 
bromide, the proportion depending on the length of the irradiation. 


Our thanks are due to the Director, A.E.R.E., for permission to publish these results. 


Atomic ENERGY RESEARCH ESTABLISHMENT, 
HarRWELL, Dipcot, BERKs. [Read, March 29th, 1949.} 





$70. The Microsynthesis of Some “C-Labelled Organic Compounds. 
By W. J. ARROL* and R. GLAscock. 


Carbon dioxide can be converted in high overall yield into ethyl iodide on the 10—20- 
micromole scale, and on the same scale into ethylmagnesium iodide in moderate yield. The 
methods described are suitable for producing ethylmagnesium iodide, both carbon atoms of 
which are labelled with 4*C at the highest possible specific activity. 


SYNTHESES now described were carried out between October 1946 and August 1948 with the 
object of developing techniques of microsynthesis with “C and also as steps in the labelling 
of a compound of biological interest. The compound chosen was stilboestrol in which it would 
be necessary to produce a molecule of the highest possible specific activify in order to study in 
animals the metabolism and mode of action of the substance at very low dose levels at which 
it is effectively cestrogenic. The final stages of the synthesis have not yet been carried out, 
but methods are described for the preparation of ethylmagnesium iodide fully labelled in the 
ethyl group, this being the intermediate used for introducing the second ethyl group in the 
commercial synthesis of stilboestrol. 

The isotope “C is usually made available in the form of barium carbonate and is in an 
isotopic abundance of about 4%. The scale of 10—20 micromoles was originally chosen as 
being about the amount of one millicurie of isotopically pure “CO,. When it became known 


* Present address: Atomic Energy Research Establishment, Harwell. 
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that the “C was unlikely to be available at more than 4% isotopic abundance, the scale was 
retained, as 50 microcuries of *C would still give about 50 rat doses of the final material at a 
specific activity probably high enough for its metabolism to be investigated. 

The overall scheme for preparing ethylmagnesium iodide from labelled carbon dioxide is 


a at H, reduction HI 
Oy” eek ee eae c*,H, ——> C*,H,I ——> C*,H,-Mgl 


The best yield of Grignard reagent yet obtained in terms of the labelled carbon dioxide 
is about 40%. 
EXPERIMENTAL, 


Conversion of Carbon Dioxide into Acetylene.—We have already described this conversion by way of 
barium carbide (J., 1948, 1534), the yield in this stage being generally above 90%. 

Conversion of Acetylene into Ethylene.—Acetylene can be reduced almost quantitatively to ethylene 
by Traube’s method (Traube and Passarge, Ber., 1916, 49, 1692; Patterson and du Vigneaud, J. Biol. 
Chem., 1938, 128, 327), in which it is shaken for an hour with a large excess of freshly prepared chromous 
chloride solution at room temperature. The chromous chloride is prepared by the rapid reduction with 
zinc wool of a solution of one part of green chromic chloride hexahydrate in two parts of 25% hydro- 
chloric acid until the solution becomes almost a copper sulphate blue. About 0-4 ml. of this solution is 
pipetted into a glass reaction vessel (Fig. 1) frozen in y~ nitrogen and evacuated. The acetylene is 
condensed into the tube, which is then sealed off at A and allowed to warm to room temperature. 
Shaking of the solution is carried out for one hour by holding the vessel horizontally in a chuck attached 
to an electric motor and rotating it intermittently. After the reaction has been completed, the vessel 
is sealed on to the high-vacuum apparatus at C, and the break-seal B opened. All the dissolved gases 
are boiled out from the chromous chloride solution, and ethylene condensed at liquid nitrogen 
temperature (— 196°) into the trap connected with a McLeod Gauge, water and any residual acetylene 
being held back in a U-tube trap at liquid oxygen temperature (— 183°). The yield in terms of standard 
gas volume is 96—98¥%, in this stage, and the remaining few units % of acetylene can be recovered from 
the oxygen-cooled trap. Ethylene can be identified by absorption into 22% mercuric sulphate in 22% 
sulphuric acid (Francis and Lukasiewicz, Ind. Eng. Chem. Anal., 1945, 17, 703). 


Fic. 1. Fic. 2. Fic. 3. 
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Catalytic reduction of acetylene to ethylene has been found to be possible on this scale by using 
palladium-black at room temperature, and yields are about 75%. The palladised palladium catalyst 
is easily poisoned, however, and chromous chloride reduction is to be preferred. 

Conversion of Ethylene into Ethyl Iodide.—This conversion is effected by direct addition of hydrogen 
iodide. This reaction is not as easy to carry out as is usually supposed. It can be done, however, in 
90—95% yield, on about the 10-micromole scale by heating ethylene with saturated hydriodic acid in 
a tube similar to that used for the reduction of acetylene but rather smaller. The capacity of this 
tube is arranged so that the ethylene will exert an initial pressure at laboratory temperature of about 
0-5 atm. Hydrogen iodide is objectionable in the main high-vacuum apparatus, so a small ancillary 
apparatus (Fig. 2) is used for evacuating the reaction vessel. 0-1 Ml. of saturated hydriodic acid is pipetted 
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into C and frozen in liquid nitrogen. The tube is evacuated through 7, and 7,, through a tube of 
calcium metal A; T, and T, areclosed, A is removed, T, reconnected through T, to the main high-vacuum 
apparatus without unfreezing, and the ethylene condensed into C, which is then sealed off at B. C is 
heated for one hour at 144° (boiling o-xylene), and the reaction is then nearly complete. 

Recovery of the ethyl iodide vapour is carried out in another ancillary vacuum fine (Fig. 3). The 
reaction vessel is attached below T,, the space above it is evacuated, and T, closed. The break seal is 
then opened. With T, and T, closed, and 7, and T, open, the entire contents of C are distilled into 
0-5 ml. of 50% sodium hydroxide in B, C being warmed with a flame to make sure that nothing is left ; 
T; is then closed, and the contents of B boiled and cooled to —78°. At this stage, most of the ethyl 
iodide and residual ethylene are in the vapour phase and can be removed by cooling A in liquid nitrogen 
and with T, and T, closed and T, and T, being opened for 3 minutes. fr, is then closed, the contents 
of B boiled and again cooled to —78°, and the vapour phase again condensed for 3 minutes into A. 
After four such extractions, all the ethyl iodide is in A, together with some ethylene and a trace of water. 
The ethylene is removed by cooling A to — 183°, and distilling the ethylene into a liquid-nitrogen cooled 
trap connected with the McLeod gauge, where it is subsequently measured. The ethyl iodide is then 
dried by leaving it in contact for 5 minutes with about 100 me. of anhydrous magnesium Fy eapeee 
after which it is measured as vapour in the McLeod gauge. Ethyl iodide can be checked for purity 
by cooling it in the McLeod gauge trap to —78° whereat it exerts a known and easily measurable 
vapour pressure. It can then be distilled off, and if no volatile impurities are present, the residue will 
continue to exert the same saturation vapour pressure until not enough remains for this. The McLeod 
gauge reading should not then change appreciably, even if the trap is allowed to warm to room 
temperature as would be the case if any condensable impurities were present. 

Pure dry ethyl iodide vapour can be manipulated for short periods with greased stopcocks, but if it 
is to be stored, it should be transferred to a trap shut off with a mercury ventil, as otherwise it will be 
lost into the vacuum greases at an initial rate of about 5% per hour. 

Conversion of Ethyl Iodide into Ethylmagnesium Iodide.—Still on about the same scale, this conversion 
is carried out by reaction in ethereal solution with a esium mirror in a small vessel (Fig. 4). This 
vessel has a platinum filament on which is hung a small piece of magnesium ribbon. It is dried thoroughly 
by baking out at 300° under vacuum for a total of about 30 hours, and a mirror is then thrown upon the 
walls of the tube by heating the filament electrically. About 150 standard microlitres of dry ethyl 
iodide vapour are condensed in, followed by 10 standard millilitres of very carefully dried ethyl ether 
vapour, after which the vessel is removed from the apparatus by sealing off at A. The reaction vessel 
is incubated at 37° for 2 hours. It is then re-sealed to the apparatus at B, and if the yield of Grignard 
reagent is to be determined, the break seal C is opened, all volatile contents of the tube are distilled off, and 
the water vapour is condensed on to the dry residue. Ethane formed is purified by removal of all possible 
contaminants, identified by measurement of its vapour pressure at liquid-oxygen temperature, and 
measured in the McLeod gauge. Yields of Grignard reagent on this scale are rather low, the best being 
about 55%. The incubation time of 2 hours at 37° is an optimum. 


Fic. 4. 
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Radioactivity Measurements.—All the syntheses mentioned have been repeated with labelled carbon 
dioxide as starting material. Radioactivity was measured at the various stages by using an internal 
B-counter of Brown and Miller (Rev. Sct. Instr., 1947, 18, 496) with carbon dioxide—carbon disulphide 
filling. Measurements of specific activity only were required, and the absolute activity could be 
> ovemge so that a convenient counting rate was sontueed tor the 10—20 micromoles of gas without the 
taking of aliquots. In using the counter it was found unnecessary always to burn the radioactive 
sample to carbon dioxide before introducing it into the counter filling. In the case of radio-acetylene, 
radio-ethylene, and radio-ethane, the sample could be introduced directly, as the amounts of hydro- 
carbons were small and no counts were lost owing to adsorption on the walls of the counter. A slight 
disadvantage in this procedure is a slow increase in background count. Over a period of several months 
the background of one counter increased from 70 counts/minute to about 140, this being reduced only 
to 120 by heating out at 300° under vacuum. This effect may be due to a *C contamination produced 
by slight nr ee of radio-acetylene and radio-ethylene in the discharge of the counter with the 
formation of polymerised material or elementary carbon. In general, the gas counter was found to 
behave very satisfactorily. 
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Apart from a 5% loss in specific activity at the stage, carbon dioxide —> acetylene, there was no 
evidence of exchange reactions during the synthesis. The specific activity of radio-ethane produced 
from radio-ethylmagnesium iodide was that which was to be e ted from the measured specific activity 
of the radio-acetylene from which it had been produced. This implies that in the conditions of the 
experiment there is no exchange between the radioactive ethyl iodide or ethyl magnesium iodide and the 
inactive ethyl groups of the ethyl ether used as solvent. 

We wish to thank Professor W. H. Linnell for his interest and support. The work was carried out 
with the aid of grants from the Therapeutic Research Corporation, the Royal Society, and the Central 
Research Fund of the University of London, all of which are gratefully acknowledged. We also wish 
to thank the Medical Research Council for grants and for radiocarbon. One of us (R. G.) is a Keddy 
Fletcher-Warr student of the University of London. 
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S71. The Separation of *Br from Neutron-irradiated 
Sodium Bromate. 


By E. BERNE, 


Methods for the pre aration of **Br by Szilard—Chalmers reaction with sodium bromate 
have been devised. ifferent methods have been used to deal with small or large amounts of 
sodium bromate. If large amounts are involved, a two-step separation is accomplished; the 
first step involves a separation by use of a non-isotopic carrier, and the activity is then 
separated from this by use of a very small amount of inactive bromide as carrier. Various 
carriers have been used for the first step and different methods for the separation in the second 
step have been studied. 


IF a (n, y)-reaction is used for the preparation of **Br the separation of the radioactive 
nuclide by a Szilard—Chalmers reaction is necessary. The two possible kinds of target- 
compounds for the irradiation are the organic bromides and the bromates (Szilard and Chalmers, 
Nature, 1934, 184, 462; Lu and Sugden, J., 1939, 1273; Amaldi, et al., Proc. Roy. Soc., 1935, 
A, 149, 538; Libby, J. Amer. Chem. Soc., 1930, 62, 1940). The Szilard—Chalmers reaction 
has been investigated for organic bromides by many authors, and methods have been given 
for the preparation of **Br samples with a very good specific activity (Lu et al., loc. cit.; Erbacher 
and Philipp, Ber., 1936, 64, 893). The retention of radiobromine in the organic phase, however, 
is often larger than 50% and in any case not smaller than 30%; and as it has been reported 
that the retention of sodium bromate is nearly zero (Amaldi et al., loc. cit.; Libby, Joc. cit.), it 
seemed worth while to elaborate a method for the use of this compound for the preparation of 
8*Br. The nuclear reaction has as a consequence that the bromate ion is split and the radio- 
active bromine atoms appear as bromide ions (Libby, /oc. cit.); thus the problem is to separate 
chemically tracer amounts of bromide ions from large amounts of bromate ions. The radio- 
active bromine is to be obtained in the form of sodium bromide. 

From a chemical viewpoint the bromide ions could be oxidized to free bromine which may 
then be extracted with, e.g., carbon tetrachloride. It would be possible to do this without 
the addition of any carrier. Unfortunately there is a thermal exchange between bromine and 
bromate ion, and therefore this method fails (Libby, /oc. cit.). The chemical state of the activity 
must, be that of bromide ion as long as bromate ions are present. 


EXPERIMENTAL, 


The irradiation of sodium bromate was carried out by a 350-millicurie radium—-beryllium neutron 
source. The solid salt, together with the source, was placed in the centre of a cylindrical block of paraffin 
wax. All precipitates were filtered off in a filtering device with a horizontally-mounted filter paper. 
After being filtered off and washed with water the precipitates were treated with alcohol and then with 
ether and sucked dry. 

For the measurement of the radioactivity a scale-of-64 Geiger—Miiller counter was used. If the 
samples were measured the same day as the irradiation was finished, only the 18-minutes ®Br in 
oquilibsiam with its isomeric 4-4-hours parent was measured. This was achieved by the use of a 


cylindrical Geiger—Miller tube with a wall thickness of about 200 4. Ifthe samples were measured after 
24 hours or more, the 4-4-hours activity had practically disappeared and only the 34-hours activity of 
82Br was measured by a tube with a thin mica window. For this method of measuring the correction 
of the activity for disintegration is simpler. All measurements of the 4-4-hours activity were carried 
out at least 2 hours after the last chemical operation, in order to avoid any effect of the isomeric 
transition. In every experiment the content of radioactive bromine present as bromide ions in solution 
was determined in the following way: 100 mg. of sodium bromide were added, after which the bromide 
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ions were precipitated by an equivalent amount of silver nitrate; the silver bromide was filtered off and 
measured in the counter. 

In most of the experiments a solution of 10 g. of irradiated sodium bromate in 50 ml. of water was 
prepared. We shall refer to such a solution as “ solution A.” 

Before irradiation the sodium bromate used was purified t precipitation with silver nitrate. The 
precipitate containing any bromide ion impurities was filtered off and the filtrate further purified by 
recrystallisation. 

Experiment 1.—1 Mg. of sodium bromide was added to 5 ml. of “ solution A.” The bromide ions 
were precipitated by an equivalent amount of silver nitrate, the solution was centrifuged, and the liquid 
decanted. The silver bromide was then stirred on the water-bath with 5 ml. of a solution containing an 
equivalent amount of sodium iodide. The reaction was allowed to proceed during 10 minutes. The 
precipitate was filtered off and washed twice with 10 ml. of hot water. The activity of the filtrate was 
300 counts/min.; that of 5 ml. of “ solution A’”’ was 305. 

Experiment 2.—100 Mg. of sodium chloride were added to 5 ml. of “ solution A.” Silver chloride 
was precipitated by an equivalent amount of silver nitrate. The activity of the silver chloride was 
460 and that of 5 ml. of “ solution A’’ was 455 counts/min. 

Experiment 3.—100 Mg. of sodium iodide were added to 5 ml. of “ solution A.” Silver iodide was 
precipitated by an equivalent amount of silver nitrate. The activity of the silver iodide was 388, and 
that of 5 ml. of “ solution A’”’ was 390 counts/min. 

Experiment 4.—Different amounts of n-silver nitrate were added to 5 ml. of “ solution A”’ as 
indicated in the table. The activity of the precipitated silver bromate was measured. The activity of 
5 ml. of “ solution A ’”’ was 290 counts/min. 


Activity, 
AgNO,, ml. Method of addition. counts/min. 
0-5 Drop by drop with vigorous 300 
1-5 stirring 284 
0-2 The whole portion at once 280 
0-5 without stirring 298 


Experiment 5.—About 70 mg. of silver chloride were prepared by addition of silver nitrate to a 
0-1n-solution of sodium chloride. The silver chloride was filtered off, washed with water, and was not 
allowed to dry. Then 5 ml. of “ solution A’”’ were filtered through the silver chloride. The activity 
of the silver chloride was 366 and that of 5 ml. of “‘ solution A ’’ was 372 counts/min. 

Experiment 6.—About 120 mg. of silver iodide were prepared in the same way as was the silver 
chioride in experiment 5. 5 MI. of ‘‘ solution A ”’ were filtered through the silver iodide. The activity 
of the silver iodide and that of 5 ml. of “ solution A’”’ were 410 counts/min. 

Experiment 7.—About 100 mg. of silver bromate were precipitated by addition of N-silver nitrate 
to a saturated solution of sodium bromate. The precipitate was filtered off and washed with water. 
5 M1. of “ solution A ” were filtered through the silver bromate. The activity of the silver bromate was 
264 and that of 5 ml. of “ solution A ’”’ 295 counts/min. 

Experiment 8.—To 5 ml. of “ solution A’ were added different amounts of sodium bromide. The 
solutions were filtered through silver iodide, and the retention of radiobromine in the solution was 
determined. The results are shown in Fig. 1. 

Experiment 9.—5 Ml. of “ solution A” were filtered through 120 mg. of silver iodide. Then the 
silver iodide was stirred on a boiling water-bath with a solution of 1 mg. of sodium bromide in 15 ml. 
of water. The activity of the solution is plotted against the time of reaction (Fig. 2). 

Experiment 10.—80 G. of irradiated sodium bromate were dissolved in 175 ml. of water. The solution 
was filtered through 120 mg. of silver iodide, and the activity of the filtrate determined in fractions 
each of 25 ml. The retention was calculated for each fraction (see Fig. 3). 
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DIscussIon. 


If only small amounts of sodium bromate are to be treated, the separation is simple. The 
activity is precipitated with a small amount of inactive silver bromide as carrier. In order to 
transform the radioactive bromine into sodium bromide the precipitate is treated with an 
equivalent amount of sodium iodide. With one mg. of silver bromide the reaction 
AgBr + Nal — Agl + NaBr is complete in about 10 minutes at 100°. 

If large amounts of sodium bromate are to be treated, the amount of carrier bromide has to 
be larger and no high specific activity can be obtained. In this case it seems better first to 
separate the radiobromine from the sodium bromate solution, using a carrier which may then 
be separated from the final product. The amount of carrier may be chosen so as to make 
convenient handling possible. 

According to experiments 2 and 3, bromide ions may be completely co-precipitated with 
silver chloride or silver iodide. This is in accordance with common rules. Further, 
experiment 4 shows that silver bromate also may serve as carrier for tracer amounts of bromide 
ions. The experiment shows that the co-precipitation is complete, irrespective of the method 
of precipitation. 

It is, however, not necessary to carry out a precipitation in the solution. The radioactive 
bromide ions may be adsorbed on sparingly soluble silver salts, and a filtration through a layer 
of silver chloride or silver iodide removes the whole of the activity from the solution. According 
to experiment 7, 90% of the activity is adsorbed on silver bromate. 

The separation of radiobromine from the carrier may be effected in different ways. If 
silver chloride or silver bromate is used, the precipitate is dissolved in as small an amount of 
dilute aqueous ammonia as possible. To this solution is added some sodium bromide, the amount 
of which may be as small as 0-1 mg. The silver bromide precipitate thus formed, containing 
the whole of the activity, is centrifuged off and then treated with an equivalent amount of 
sodium iodide as in experiment 1. 

If silver iodide is used as carrier, this method fails and the separation must be carried out 
by an exchange reaction : 

Br®* (Ag!) + Br- == Br(Agl) + Br®- . . .... .- (2) 
At equilibrium [Br*-]/[Br* (AgI)] = [Br-]/[Br(Agl)]) . . ... . . (3) 


and hence the success of this method depends on the maximum amount of bromide ions which 
can be adsorbed on the amount of silver iodide used. If [Br (AglI)] is large, [Br-] must be 
large in order to get most of the activity in the solution, but this means that a large amount of 
inactive bromide ions must be added. This must of course be avoided if a high specific activity 
is to be obtained. To determine the maximum amount of silver iodide which can be adsorbed, 
experiment 8 was performed. It is seen from Fig. 1 that about 0-1 mg. is adsorbed on 120 mg. 
of silver iodide. Under these circumstances, according to equation (3), 90% of the activity 
is transferred to the solution by exchange if the amount of bromide ions present is 1 mg., an 
amount which may be permitted. 

The kinetics of the exchange reaction have been approximately determined. According 
to experiment 9, about 50 minutes are needed for almost complete exchange. The results, of 
course, are valid only when radiobromide is adsorbed on silver iodide and not if precipitated. 
In such a case the exchange reaction certainly is determined by the rate of diffusion 
of bromide ions in silver iodide, a process which may be expected to be very slow. 

In order to make sure that the adsorbing power of silver iodide is not decreased during 
treatment with large amounts of sodium bromate solution, experiment 10 was performed. 
The results shown in Fig. 3 are interpreted as follows. Before the addition of the first portion 
of sodium bromate solution the silver iodide forms a uniform layer on the filter paper. As the 
filtration proceeds the silver iodide fairly soon forms bigger aggregates which do not occupy 
the whole of the filter paper. Hence part of the solution may pass through the filtering device 
without touching the silver iodide, and as the rate of flow is rather high the bromide ions of 
the part of the solution which does not touch the silver iodide cannot diffuse to its surface and 
consequently are not adsorbed. Hence, the retention of about 8% is not caused by a decrease 
in adsorbing power but is a consequence of the practical difficulties of the filtration. In order 
to avoid these it is better to use a thicker layer of silver iodide obtained by diminishing its 
diameter. The diameter of the adsorbing layer was 35mm. in this experiment. It is advisable 
to make it about 20 mm. 


This work was performed under the auspices of Atomkommittén, Stockholm. 


LABORATORY FOR NUCLEAR CHEMISTRY, CHALMERS INSTITUTE OF TECHNOLOGY, 
GOTHEBORG, SWEDEN. [Read, March 29th, 1949.]} 
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S72. Back-scattering of Electrons into Geiger—Miiller Counters. 
By L. Yarre and K,. M. Justus. 


The back-scattering of electrons into a Geiger—Miiller counter has been studied, and increases 
in counting rates determined. The effect of varying the energy of the f-emitter, the atomic 
number, and the mass thickness of the back-scatterer has been determined. Empirical 
relationships are given from which correction factors may be determined. The characteristics 
of the scattered radiation are shown. Suggestions are made for standardising counting 
techniques. 


THE problem of accurate routine measurement of £-radiation is one which confronts many 
laboratories. This paper is concerned with some of the factors which may lead to inaccurate 
measurement, and deals with the back-scattering into the counter by the sample support and 
surrounding material. 

The reflection and scattering of electrons have been studied by many investigators: as 
complete a bibliography as could be assembled is given at the end. 

Early investigators thought that what we now consider to be scattered radiation was a type 
of secondary radiation emitted by the material being studied, under the influence of the original 
8-radiation. This concept gradually vanished, and later investigators became concerned 
with the analogy to light scattering, studying angles of incidence and reflection. These 
investigators very rarely recorded sufficient quantitative data regarding the material used as 
the reflector, or the geometry of the counting system, to allow any practical conclusions to 
be drawn. After the Rutherford scheme of atomic structure came into general favour, 
experimenters concerned themselves with the scattering by atomic nuclei and attempted to 
derive mathematical formulations for the scattering mechanism. A full discussion of this 
aspect of the work is given by Rutherford, Chadwick, and Ellis (op. cit.) and a theory for 
B-scattering is presented. The essential condition for this theory to hold is that “ single” 
scattering must occur, 1.e., the 6-particle passing near a nucleus is deflected without the angle 
of deflection subsequently being changed by other encounters. That is, foils which are used 
as scatterers must be very thin, and this is a condition which is very rarely realised in practice 
owing to difficulties of manipulation. As a result, “ plural’’ or even “ multiple’ scattering 
occurs and on a theoretical basis the predictions become very difficult. 

Work in recent years has taken the form of studying the scattering of electrons by gases and 
the verification of Mott’s calculations (loc. cit.). He calculated the scattering of 8-particles by 
an atomic nucleus from the wave-mechanical viewpoint. 

From the practical point of view the above work is not exceedingly helpful. In practice, 
a sample to be measured in a Geiger—Miiller counter is placed on a tray of finite thickness which 
is then put in a position close to the counter. Unquestionably, multiple scattering occurs. 
If the measurement of the number of 8-particles emitted is to be quantitative, and comparisons 
are to be made between 8-emitters with different energy spectra, or even the same $-emitters 
on different trays, then much more information must exist for correction purposes. Work 
along these lines has been recently published by Zumwalt (U.S. Atomic Energy Commission, 
MDDC-1346) and by Cowing and De Amicis (Science, 1948, 100, 187). 


EXPERIMENTAL. 


The Geiger—Miiller counter used was the ‘‘ end-window ” or “ bell-jar ” a of counter filled with 
argon and alcohol at a pressure of 9-5 and 0-5 cm. of Hg, respectively. e window thickness was 
2-8 mg./cm.? unless otherwise stated. An isometric projection of the counter and castle arrangement is 
shown in Fig. 1. The lucite counter base is slotted to allow the sample to be placed in any one of a 
number of itions, thus varying the geometrical efficiency of the counter by changing the solid angle 
subtended it. The entire counter assembly is enclosed in a lead chamber, or “ castle ’’ as it is 
commonly called, with walls 14” thick to cut out as much stray radiation as possible, thus reducing the 
background. The background count in such an arrangement varied from 15 to 20 counts per minute. 
All dimensions may be taken from Fig. 1, and it is hoped that this geometrical system which is already 
used by many workers may be reproduced by others, and direct use made of the data presented. 

All samples, unless otherwise stated, were mounted on very thin films of “‘ Formvar’”’ resin (polyvinyl 
formal). The technique of preparing these films, although probably not new, is extremely useful and 
a brief description follows. 10 Mg. of the resin (or other amount depending on the mass thickness of 
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film required) are dissolved in 5 ml. of ethylene chloride. The solution is spread over 100 cm.? of highly 
polished plane glass, and the solvent allowed to evaporate. When evaporation is complete, the glass 
late is placed in water, the film carefully removed by “ teasing ”’ it with the end of a spatula, and the 
film is floated on the water. The film may then be used to cover a hole on an aluminium tray which 
fits into the slots in the counter base shown in Fig. 1. The film was then dried under an infra-red lamp. 
Films used usually had a mass thickness of 100 yg. per cm.* and possessed good tensile strength. By 
this method it is very easy to prepare consistently good films as thin as 25 wg. per cm.*. These films 
show good resistance to alkaline or. neutral solutions, but are attacked by acid. Polystyrene films 
prepared by the same technique were found to be acid-resistant and were used when necessary. 
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Showing Geiger—Miiller counter in lead castle. 


All B-emitters used were of very high specific activity. They were placed on the film in the form of a 
solution and allowed to evaporate. sually 0-01 ml. of the solution was used, and after evaporation 
the mass remaining was less than 1 wg. per cm.?. The sample approximated a point source. 

Backing materials used were the purest metals available and were cemented in position as closely as 
possible behind the sample. All measurements, unless otherwise stated, were made with the sample 
on the top shelf of the counter base, as shown in Fig. 1. 

The f-emitters used had the following characteristics : 


Half-life. Maximum energy of B-, Mev. 
T . ccvcccensgssocdvesecosnadénevenseqncons 6400 years 0-154 
TED, esdevnbiadnnievecorhabashieadediesabens 87-1 days 0-169 
OOD .cossesccsvscbeccesccescsseseecssccces 5-3 years 0-30 
BPE i daccnath casdaccssbbpovansvesocts 8-0 days 0-61 
TEP ackiddincddocssscocccssceatadcphabedes 14-3 days 1-70 
OT PEER |. cacivcsisesdbsncctsvecbecsi 1-0 year—30 sec. 


Ru, 0-03 
Rh, 2-8 (20%), 3-9 (80%) 


Results.—In Figs. 2—6 inclusive are shown the variation of the percentage increase in back-scattering 
with increasing mass thickness of back-scatterer for *5S, ®°Co, 1*4I, **P, and #°*Rh, aluminium, copper, 
silver, and lead being used as back-scatterer. Zero increase in back-scattering is taken as the count 
registered with no backing save the thin film, air, and the contribution introduced by the lead castle. 
The results show that in each case as the mass thickness increases the count recorded will increase until 
a saturation value is reached which we term “ saturation back-scattering.’’ The mass required for 


saturation back-scattering is independent of Z, but the value of the increase due to back-scattering is a 
critical function of Z. 
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In Fig. 7 is shown the relation between the mass needed for “ saturation ’’ back-scattering and the 
maximum energy of the f-emitter. Fig. 8 gives the relationship between the range of the f-emitter in 
aluminium and the mass needed for saturation back-scattering, using the range-energy curve quoted by 
Glendenin (Nucleonics, 1948, 2, 1, 12). 

From Figs. 2—6 it can be seen that the number of counts recorded by a counter from the same 
sample will vary considerably with the mass thickness of the back-scatterer, or tray. Since the increase 
is very rapid in the initial portion of the curves, it is obvious that the practice employed in many 
laboratories of measuring samples on thin plates to minimise back-scattering has its dangers owing to 
the fact that usually this means that the tray thickness corresponds to the steeply ascending part of the 
curve. Trays cut from the same sheet of metal may not give reproducible results owing to variations 
in the thickness of the sheet. Two experimental techniques are possible. Either the mass thickness— 
back-scattering curves are determined, or all counting is done with sufficient backing so that saturation 
back-scattering is taking place. 

As a rough guide, the following empirical relationships obtained from Figs. 7 and 8 may be used to 
determine the mass required for saturation back-scattering : M* = 36R, where R = range in mg./cm.?, 
and M = mass in mg./cm.? needed for saturation back-scattering; M = 116E*/*, where E = maximum 
energy of the f-emitter in Mev., up to 3 Mev. 
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In Fig. 9 is shown the variation in saturation back-scattering with the atomic number of the back- 
scatterer for the various f-emitters measured. The curves extrapolate to a “‘ negative’’ value 
for the percentage of saturation back-scattering at zero atomic number. This is due to the arbitrary 
definition of zero percentage increase due to back-scattering as that count obtained with the sample on 
a thin film in the standard position when actually some scattering occurs from the castle walls and the 
mount. Using this extrapolated value to get the true count, and knowing the solid angle subtended 
by the counter, we may determine the absolute f-disintegration rate. 
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The fact that this scattering is contributed by the castle has also been verified experimentally. The 
counting base was mounted from the ceiling in the middle of a room so that only scattering from the 
air was a contributing factor. The results agreed with those shown in Fig. 9. This back-scattering from 
the castle is reduced from about 8% to 4% if the castle walls are lined with aluminium. 

Fig. 15 shows the maximum increase in counting rate (saturation value) obtained from f-emitters of 
various energies using various metals as back-scatterers, and if identical geometry is used this may be 
used as a correction curve. By a combination of the above curves it is possible to predict the amount 
of material necessary to get saturation back-scattering and to correct for the amount of back-scattering 
present. 

In Fig. 10 is shown the variation in back-scattering with change in atomic number of back-scatterer, 
a back-scatterer of mass thickness 55 mg./cm.* being used for various B-emitters. Again an apparent 
negative value results owing to the arbitrary assumption of the zero value. If the atomic number is 
kept constant, as well as the mass thickness, 7.¢., if the same back-scatterer is used throughout for all 
the f-emitters, then the curve shown in Fig, 11 will result. The results for two cases, Z = 47 and 
Z = 82, silver and lead, respectively, are shown. The curves rise very steeply, show a maximum at 
1 Mev. and gradually fall. This result has already been briefly reported by us (Physical Rev., 1948, 
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78, 1400). Since the curve rises so steeply in the initial portion, it can be seen that in this region the 
back-scattering is a very sensitive function of the maximum energy of the B-emitter. In this manner 
the maximum energy of **S was shown to be 0-165 + 0-005 Mev. rather than 0-107—0-120 as had 
been previously determined (Libby, Anal. Chem., 1947, 19, 2). This has been confirmed by Solomon 
et al. (Physical Rev., 1947, 72, 1097) and by ourselves (Canadian J. Res., 1948, B, 26, 734) by absorption 
methods, and by Cook e¢ al. (Physical Rev., 1948, '74, 548) using a B-spectrometer. This method provides 
a very rapid means of determining the maximum energy of B-emitters with simple spectra. ce the 
empirical curve has been obtained for a given geometrical set-up then, with only two measurements, 
one with, and the other without a back-scatterer, the maximum energy may be determined. In some 
cases an alternative value will be obtained, but this ambiguity can be resolved very easily by one 
additional measurement with an absorber. 
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An attempt was made to explain the shape of the curve obtained. In Fig. 12 are shown the curves 
obtained with counters of two different window thicknesses, 4-5 mg./cm.? and 15 mg./cm.?. These 
curves are not strictly comparable with the curve shown in Fig. 11 where the counter-window is 
2-8 mg./cm.?*, since different counters were used. It may be seen, however, that the shape of the curve 
is essentially the same and that it is very doubtful if the rapid falling off of the curve is due to window 
absorption. As yet, no plausible explanation, backed by experimental results, has been found which 
will account for this. 

In Fig. 13 is shown the effect on this curve of varying the mass thickness of the back-scatterer. 
The curve approaches a maximum value as before, but as the mass thickness is increased, a constant 
value is reached. It would appear that as the mass of the back-scatterer is increased the volume of 
material offered to the electrons is at first insufficient to provide complete reflection to the electrons. 
As the mass is increased a maximum occurs for electrons of energy of about 1 Mev. As the energy 
increases, the mass is again insufficient to provide total reflection, some of the electrons passing through 
the metal. As the volume presented to the electrons increases, the curve flattens and a maximumi3 
reached. 

In Fig. 14 is shown the effect of keeping the thickness of a tray constant (0-020) and varying the 
atomic number. The count of a sample of, e.g., *Rh, may be increased in this manner by about 75%. 

The angular distribution of the back-scattered radiation has been determined by using a specially 
constructed apparatus. This hung in the centre of the room suspended from the ceiling. The 
B-emitter was an essentially weightless, point source of **P mounted on a “ Formvar’’ film. 
The source was maintained at a constant distance from the counter-window and on the axis of the 
counter. The source support could be rotated so that it intersected the axis of the counter at various 
angles. Normally the back-scattering contribution was then due only to the air since the counter 
did not “‘ see” any other material. A piece of lead could be placed behind the source and rotated with 
it. When rotated through 180° the back-scatterer now acted as an absorber. In this manner the 
angular distribution of the B-radiation with no back-scatterer, with back-scatterer, and with absorber 
could be obtained. The results are shown in Fig. 18. 
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It can readily be seen that neither the absorber radiation nor the back-scattered radiation is 
isotropic. A maximum occurs in a plane normal to the source. By inspection of the results obtained 
with the 26-3 mg./cm.? lead plate it can also be seen that an anomalously large number of electrons are 
back-scattered into the counter. This may possibly be due to two effects, a geometrical one or electron 
multiplication. 

Absorption curves for **S and }°*Rh with and without back-scatterer are shown in Figs. 16 and 17. 
It can be seen that some degradation of the B-radiation does occur, but that no very soft component 
exists, — as might be expected if electron multiplication were occurring owing to bombardment of 
the metal, 
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It is also very difficult to ascribe the large increase to a geometrical effect, and investigations to 
elucidate this are continuing, magnetic deflection methods being used to determine the type of radiation 
being measured. 

All the above data have been obtained with the sample deposited on a thin film and the metals which 
were used as back-scatterers placed as closely as possible behind the film. Although the above 
correction factors may be used to correct for back-scattering in cases where metals like aluminium or 
silver have been used as trays, yet it should be pointed out that, with certain metals like lead, if the 
sample is deposited directly on the metal, a greater increase due to back-scattering is observed. This 
appears to be some sort of surface effect, due to the malleable nature of the metal, and is being 
investigated further. 
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S73. Chemical Identity of the Sulphur Formed by the Slow * 
Neutron Bombardment of Alkali Chlorides. 


By U. Croatto and A. G. MAppDock. 


The sulphur produced by irradiation of potassium chloride with slow neutrons is shown to 
be present in the crystal lattice as sulphate ion or as some highly reactive ion which gives rise to 
sulphate in all aqueous solutions. 


E. BucH-ANDERSEN (Z. physikal. Chem., 1936, 32, B, 237) discovered that a long-lived sulphur 
isotope is formed by the neutron irradiation of carbon tetrachloride. He supposed this isotope 
to be *S, formed by an (, ») reaction from “Cl. This assignment has subsequently been 
confirmed by Kamen (Phys. Reviews, 1941, 60, 537), who compared the yields of **S obtained by 
the alternative modes of production *S (d, p) *S, 97Cl (d, a) *S, and *Cl (n, p) *S. The same 
author showed that the latter reaction also occurs with thermal neutrons. Other investigators 
(Libby and Lee, Physical Rev., 1939, 55, 245; Levi, Nature, 1940, 145, 588; Hendricks, 
Bryner, Thomas, and Ivie, J. Physical Chem., 1943, 47, 469; Henriques, Kistiakowsky, Margnétti, 











tH 
$ 
' 
} 
i 
f 
% 


~~ 


Re CE ATR aT AS 


i 
' 
} 





S 352 Croatto and Maddock: Chemical Identity of the 


and Schneider, Ind. Eng. Chem., Anal., 1946, 18, 349; Libby, Analyt. Chem., 1947, 19, 2; 
Solomon, Gould, and Anfinsen, Physical Rev., 1947, 72, 1097; Albert and Wu, ibid., 1948, 74, 
847; Berggren and Osborne, ibid., 1948, 74, 1240; Cook and Langer, J. Physical Chem., 1948, 
78, 1149) have determined the half-life of the isotope, the absorption of its 8-radiation in matter 
and, latterly, the B-ray spectrum. The isotope has been used (Cook and Langer, loc. cit.; Voge 
and Libby, J. Amer. Chem. Soc., 1937, 59, 2474; Voge, ibid., 1939, 61, 1032; Cooley, Yost, and 
Millan, ibid., p. 2970; Tuck, J., 1939, 1292; Cooley and Yost, J. Amer. Chem. Soc., 1940, 62, 
2474) in a number of studies of the exchange between the sulphur atoms in sulphide, sulphite, 
sulphate, and thiosulphate ions and with the covalently-combined sulphur in compounds such 
as carbon disulphide. 

The energy released by the nuclear reaction and the range of the protons emitted have been 
measured (Gibert, Roggen and Rossel, Portugaliae Phys., 1944, 1, 43). From these the energy 
of the recoiling sulphur atom can be calculated to be 15 Kev. 

Carbon tetrachloride has commonly been used as the target material in the preparation of 
the isotope and Kamen (loc. cit.) showed that whilst some of the product is present as elementary 
sulphur some can be separated in thiocarbony] chloride and similar compounds. The identity 
and distribution of active sulphur in these compounds and the effect of the addition of carbon 
disulphide have been studied by Edwards and his collaborators (Nucleonics, 1948, 2, No. 6, 54; 
Edwards, Nesbett, and Solomon, J. Amer. Chem. Soc., 1948, 70, 1670). However, since solid 
materials are preferred for irradiation in the pile the alternative production by the irradiation of 
alkali-metal chlorides is of interest. 

Earlier investigators, who prepared **S from alkali chlorides, record dissolving the target 
material in water, and oxidizing the solution with nitric acid before determining the active 
sulphur by precipitation on barium sulphate. More recently it was observed (Willard, Amer. 
Chem. Soc. meeting, April, 1947, Atlantic City; Edwards, unpublished, see ref. by Edwards 
and Davies, Nucleonics, 1948, 2, No. 6, 54) that such oxidation was unnecessary since, in its 
absence, the same amount of activity was found on the barium sulphate. This observation led 
Edwards to suggest that the active sulphur is present in the alkali-chloride lattice in some form 
which reacts instantly with aqueous solutions producing sulphate ions. 

Libby (J. Amer. Chem. Soc., 1947, 69, 2523) has singled out the irradiation of potassium 
chloride with neutrons producing *S for particular consideration in his analysis of the chemical 
effect of nuclear recoils. He points out the difference between the slowing-down processes for a 
recoiling atom and those for an ion. Although the fast-moving ion can become an energetic 
atom by electron capture, unless the velocity of the recoiling atom is of the same order of 
magnitude as that of an electron in the lowest energy level in the crystal, self-ionisation will not 
occur to any appreciable extent (Knipp and Teller, Physical Rev., 1941, 59, 659; Bohr, ibid., 
1941, 59, 270). Thus for atoms of moderate atomic weight the energy must exceed 100 Kev. 
before self-ionisation plays an important part in the slowing-down process. Since the sulphur 
atom has an energy of but 15 Kev., the recoiling fragment, if it is an unchanged atom, will 
remain so while slowing down. 

The slowing-down process for the neutral atom is considered in two stages. In the first, the 
average energy transferred at each collision is so large that the target atom is moved through 
the lattice. Libby suggests that this continues until the energy of the recoiling atom is less 
than half the heat of sublimation of the crystal, i.e., about 5ev. During this phase the recoiling 
atom travels through the potassium chloride lattice. Since the sulphur, potassium, and 
chlorine atoms have all about the same weight the necessary energy loss will require about 10—15 
collisions. Thus the recoil atom will travel an average distance of, say, 4 lattice units, from its 
point of origin during the process. Subsequent cooling takes place more slowly by transfer of 
energy from the recoil atom to the vibrational energy of the surrounding atoms—a local fusion 
occurs, but the position of the recoiling atom does not suffer further change. Libby suggests 
that during this second stage the atom reaches a chemical equilibrium with its surroundings 
appropriate to the high local temperature. 

Further consideration of the forces acting on the intruding active atoms in the lattice lead 
Libby to suggest that the active sulphur should migrate to the surface of the crystal on heating, 
so that baking the irradiated crystals might be a novel method of concentration of the activity. 
He also concluded that the active sulphur should exist in baked irradiated crystals as sulphide 
ions. 
Various features of this model are open to criticism. Since the sulphur atom is recoiling in 
an ionic lattice, ionisation can occur by means other than self-ionisation, and the slowing-down 
processes will take place on sulphur ions so that electrostatic forces will play an important part. 
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Indeed, yet another mechanism for ionisation of the sulphur can be foreseen. If the sulphur 
were unaffected by the proton emitted at its birth, it would recoil as a S*- ion which might become 
a neutral atom by ionisation; thus only the initial phase of the slowing-down process would be 
affected. However, McGee (Phil. Mag., 1932, 18, 1), Mund, Capron, and Jodogne (Bull. Soc. 
chim. Belg., 1931, 40, 35), and others have shown that the recoiling nucleus after «-particle 
emission Carries an average positive charge of two. Thus it appears very possible that the proton 
emitted by the compound nucleus will give rise to a recoiling St or S** ion. 

When the sulphur atom has slowed down to thermal equilibrium with the surrounding atoms 
it is still very difficult to predict its ionic state in this condensed phase, especially while the 
crystal remains in the metastable condition indicated by the purple colour, owing to the f centres 
formed by the ionising radiations accompanying the thermal neutrons (and by the fast neutron 
flux). 

Libby examines the electronic stability of a Sct ion in the potassium chloride lattice. His 
arguments are probably invalidated for real crystals by the fortuitous presence of stoicheio- 
metrically great excesses of oxidising and reducing agents; these may act as electron donors 
or acceptors and so permit further ionisation in the case under consideration or increase the 
negative charge in the case of the sulphur atoms. At the least, such a process might be 
operative at the temperatures required for relaxation of the f centres. 

Some estimate of the stability of the various sulphur ions inserted in an ideal potassium 
chloride lattice can be made by considering cycles such as the following, which refers to the 
reaction S*+ + Cl- > St+ + ClI° in the lattice. It can be assumed there is no possibility of 
combination of the chlorine atoms released in this reaction; thus the entropy change will be 
small and AF x AH. Let us remove the S** and Cl ions from the lattice, add an electron to 
the free S*+ ion, remove one from the Cl- ion, and return the S+ ion and Cl° atom to their original 
positions in the lattice. AH is thus equal to the sum of the energies required to remove the S?+ 
and replace the St ion, the energies to remove the Cl- ion and replace the Cl° atom, the difference 
of the first two ionisation energies of the sulphur atom and the electron affinity of chlorine. 
According to data given by Mott and Gurney (‘‘ Electronic processes in ionic crystals,”” Oxford, 
1948), the energy required to abstract the chloride ion is 4-79 ev. (p. 61); the energy required 
to replace the chlorine atom is about —2 ev. (p. 98); the difference between the ionisation 
energies of the sulphur ions is —23 ev., the electron affinity of chlorine is + 3-75 ev. (p. 8). 

Now the energy required to remove an ion from the lattice is equal to the sum of the electro- 
static energy of the ion, the overlap or repulsion energy, and the polarisation energy. The 
first term is positive and the two latter terms are negative. Thus the energy difference on 
replacing the S** ion by a S* ion is equal to the difference in electrostatic energies of the two 
ions plus the difference in overlap and polarisation energies. The first term is about «,e*/r,+ or 
~7 ev., where ay is the Madelung constant for the potassium chloride lattice, r,+ is the radius 
of the S* ion and e is the electronic charge. The second term in the difference is positive, 
because the repulsion energy depends on the ionic radius and the S** ion can be assumed to be 
smaller than the St ion. The third term is negative, because the polarisation due to the S*+ 
is greater than that for the S+ ion; it is probably greater than the second térm by about 1 ev. 
Thus AF x» AH w 4:8 + 3-7 — 2 — 23 + 7 — 1 = ~—I1lev., the accuracy of the result being of 
the order of +2 ev. Calculations made for S*-, S-, S°, and S+ ions suggest these ions are stable 
in the lattice, with the possible exception of S°. S*+, S*+, St+, S§+, and S* can be shown to be 
probably unstable by similar calculations. 

Such an analysis takes no account of the possible formation of covalent bonds to give complex 
ions, etc. 

The experiments described below lead to the conclusion that the active sulphur is present 
in the potassium chloride lattice either as sulphate ions or in the form of highly reactive ions 
which give rise to sulphate ions in all aqueous solutions. 

With the former conclusion it is difficult to explain the mode of oxidation of the sulphur : 
admittedly, even in the high vacuum the residual oxygen is stoicheiometrically sufficient to 
effect complete oxidation of the active sulphur at the concentrations concerned in these 
experiments (the irradiated salt contained abcut 10~° g. of **S per g. of potassium chloride) ; but 
the gaseous oxygen probably does not penetrate the potassium chloride lattice very readily and the 
homogeneous distribution of activity shown by the photographic-plate experiments proves that 
the sulphur does not migrate to the surface of the potassium chloride crystals. Traces of 
inactive sulphur, in the form of sulphate ions, present in the potassium chloride as an impurity 
(~10-* g. of S per g. of potassium chloride, as sulphate) do not provide any solution to the 
problem. The relatively low abundance and small capture cross section of the *S nucleus 
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cause an insignificantly small fraction of the impurity sulphate ions to be activated. Further, 
it is improbable that the active sulphur atoms will all migrate to, and exchange with, the 
inactive sulphate ions. No such exchange reactions have been observed with sulphate ions and 
other sulphur molecules, atoms, or ions in solution, although this does not exclude the possibility 
of ready exchange between a sulphur atom or ion, possibly unknown in solution, and the 
sulphate ion under the field condition in the condensed crystal phase. But the low concentration 
of the impurity sulphate makes it improbable that the active-sulphur atoms would diffuse and 
exchange as completely as the experiments require. 

The alternative conclusion is not readily confirmed or disproved and on the present evidence 
would appear the more attractive. Moreover, the possibility of a complex ion, involving covalent 
S-Cl bonds is not excluded. 

The significance of the distillation experiments is uncertain, but, if the active sulphur is 
present as sulphate or converted into sulphate during heating, the effect might be due to the 
small dissociation pressure of the potassium sulphate at the temperature (~ 750°) of the 
sublimation. This hypothesis is supported by the absence of an active distillate when 
macroscopic quantities of potassium sulphate are added and by the duplication of the effects 
after dissolution of the salt. It is only at the very low concentration of sulphate represented by 
the active sulphur and the sulphate impurity (~ 10-* g. of S per g. of potassium chloride) that 
an appreciable proportion of the active sulphate dissociates. On this hypothesis the distillate 
may be expected to consist of sulphur trioxide and possibly dioxide, which is consistent with the 
observed volatility at room temperature and fixation by potassium chloride. 

The heat-treatment experiments fail to reveal any migration effects of the kind predicted by 
Libby; further, they appear to be without influence on the chemical behaviour of the active 
sulphur. 

A satisfactory explanation of the behaviour of the sulphur in irradiated potassium chloride 
should also explain the following observation. Kamen (Physical Rev., 1941, 60, 537) has stated 
that, when *S is prepared by the (d, «) reaction from *’Cl in rubidium chloride, 95% of the 
active sulphur could be removed as hydrogen sulphide by treatment with aqueous hydrochloric 
acid. The preparation is so closely analogous to that from potassium chloride that any detailed 
theory of the process should account for this difference. 


These experiments are being extended to include the **Cl (n, ») *°S reaction in all the alkali 
chlorides and in specially purified materials. 


EXPERIMENTAL. 


85S was prepared by the irradiation of A.R. quality potassium chloride in the Harwell G.L.E.E.P. 
Irradiations were for 2 weeks, and the products were stored for more than a month before examination. 
Radiochemical analysis of the activity produced revealed the presence of only the natural potassium 
activity and a trace (about 0-1%) of active chlorine, due to the isotope **Cl. 

A study of the absorption of the radiation in aluminium foils showed that barium sulphate obtained in 
an aqueous solution by direct precipitation of the target material was quite free from contamination by 
either of the above-mentioned activities after washing twice with warm water. 

Measurements were made with a G.M.4 type Geiger—Miiller counter with a window thickness of 4-7 
mg. persq.cm. In all the quantitative measurements the **S was separated on barium sulphate using 
inactive sodium sulphate equivalent to 3 mg. of barium sulphate as carrier. The precipitate was 
mounted in a uniform layer of constant area on a flat disc of aluminium foil. The absorption curve, 
which gave a range of 33-2 + 1-5 mg. per sq. cm. for the £-radiation of **S, was in good agreement with 
that reported by Solomon, Gould, and Anfinsen (Physical Rev., 1947, 72, 1097). 

The half-life was confirmed as 87 + 0-8 days. Since it was intended that all quantitative measure- 
ments should be performed on barium sulphate samples, a self-absorption correction curve for **S in 
this material was prepared by precipitating aliquots of the active potassium chloride solution with 
varying amounts of | barium sulphate. The correction curve obtained was in unexpected agreement with 
that calculated from the external mass absorption coefficient over the middle region of the absorption 
curve by neglecting back-scattering in the samples [f = (1 — e~**)/dé]. 

Previous results concerning the absence of exchange between the sulphur atoms in sulphate and 
sulphite, sulphate and sulphide, and sulphate and aqueous suspensions of sulphur at pH values between 
6 and 9 were confirmed, and the extent of the exchange in experiments of 1 week’s duration, at room 
temperature and with ~ 0-1mM-reactants, was limited to less than 0-02%. 

The first set of experiments was carried out with target material irradiated in powdered form (~ 100 
mesh) and sealed in an aluminium tube in the presence of air. Identical activities were obtained on 
precipitating the **S on barium sulphate from equal aliquots of the potassium chloride dissolved in 
ordinary water, in de-aerated water with dissolution in vacuo, in nitric acid followed by boiling of the 
solution for 10 minutes (420 + 5, 416 + 4, and 421 + 6c. per min. per mg., respectively). Oxidation 
with alkaline hypobromite gave a similar result. The residual solution was in each case devoid of active 


sulphur. These measurements were made under counting conditions with an approximate efficiency of 
2-5% for **S radiation. f 
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Weighed samples of the potassium chloride were then dissolved in ordinary 0-1m-sodium sulphide 
and sodium sulphite, sodium sulphate solution equivalent to 3 mg. of barium sulphate was added, and 
finally the barium sulphate was precipitated by the addition of acidified barium chloride. In each case 
the barium sulphate precipitate contained substantially all the **S. In other experiments the solution 
was treated with phosphoric or hydrochloric acid, and the hydrogen sulphide or sulphur dioxide evolved 
on heating absorbed in a little bromine and nitric acid. Precipitation of the barium sulphate from this 
solution proved that less than 0:02% of the **S had separated in this treatment. The solution 
experiments were repeated with the dissolution of the potassium chloride in de-aerated sulphite and 
sulphide solutions in vacuo, but the results were the same. In addition, samples of the target material 
were treated, both alone and after grinding with a few mg. of calcium sulphide, sodium sulphide, and 
sodium sulphite, with phosphoric acid, and with hydrochloric acid. Treatment of the effluent gases as 
previously described showed that less ‘than 005%, of the **S was removed. Precipitation of copper 
sulphide from a solution of the irradiated salt in sodium sulphide and sulphate solution did not carry 
down any appreciable activity. 

Samples of potassium chloride were then distilled im vacuo in to silica ampoules, which were sealed 
and irradiated in the pile. The ampoules were broken under solutions containing sulphite and sulphide 
carriers in vacuo, and the series of experiments described above were repeated. The results were the 
same. Further, the experiments were repeated on large irradiated crystals (about 5-mm. cubes) of 
potassium chloride, prepared from a potassium chloride melt, without disclosing any difference in 
behaviour. 

The presence of active elementary sulphur was sought by grinding the irradiated potassium chloride 
with carbon disulphide containing a trace of dissolved sulphur and determining the activity of the 
solvent. Less than 0-02% of the **S activity was extracted. A similar result was obtained on solvent 
extraction of aqueous solutions of the irradiated salt. The experiment was repeated with the large 
irradiated crystals, an irradiated vacuum-sealed ampoule of the distilled potassium chloride being 
opened under a carbon disulphide-sulphur solution im vacuo and the contents shaken until the potassium 
chloride was reduced to a fine powder. The results were the same. 

The effect of thermal relaxation was examined by heating the irradiated crystals in vacuo at 200° 
until the purple colour due to the f centres produced during the irradiation, was discharged. The 
product was tested for active sulphur, sulphide, and sulphite ions as previously described with the same 
results. Similarly, 2 hours’ —e at 400° was shown to be without effect. The experiments were 
repeated on the unopened irradiated ampoules, with the same results. 

However, by subliming the irradiated potassium chloride im vacuo in a silica tube a more volatile 
sulphur compound was produced. No activity could be removed from the potassium chloride by 
vacuum-distillation at room temperature; but, when about 90% of the potassium chloride was sublimed 
just below its m. p. (~ 750°) to the cooler end of a silica tube attached to a vacuum apparatus through 
a trap cooled in liquid nitrogen, about 75% of the active sulphur remained with the residual 10% of 
the potassium chloride, about 8% was found in the potassium chloride distillate, about 15% of the 
active sulphur condensed in the liquid nitrogen, and about 2% deposited on the wall of the tube between 
the chloride residue and distillate. The distribution of the active sulphur between the various fractions 
varied considerably with the conditions of the experiment, particularly with the rate of heating. 

The active condensate in the liquid nitrogen was shown to be volatile at room temperature. When 
it was treated with solutions of sulphide and sulphate, or of sulphite and sulphate, ~ 90% of the activity 
was found in the sulphate fractions. If the volatile material was condensed on finely-powdered sodium 
chloride or potassium chloride, it combined to give an involatile product. When the potassium chloride was 
ground with a few mg. of potassium sulphate before distillation, no activity was found in the liquid- 
nitrogen-cooled trap; nor was any macroscopic concentration of sulphur compounds detectable by 
oxidation of the contents of the trap with bromine and precipitation as sulphate by barium chloride 
solution. Similar results were obtained with the vacuum-irradiated material. Further, the same 
behaviour was observed after dissolution of the potassium chloride in water and evaporation of the 
aqueous solution to dryness. 

The macroscopic sulphate content of the potassium chloride was determined by dissolving 10 g. of 
the solid in 100 ml. of water, adding 2 ml. of 4n-hydrochloric acid and 2 ml. of 0-4m-barium chloride, 
keeping the mixture for 24 hours, and comparing with a control mixture. Lack of turbidity or 
ae 9 indicated less than 1 p.p.m. of sulphate. 

The distribution of activity in a number of larger irradiated crystals was examined by placing them 
on a photographic plate. Exposures were made in which the original surface of the crystal was pressed 
on the plate, and others in which a new surface, prepared by splitting the crystal, was in contact with the 
plate. In each case the blackening of the plate was quite uniform. Similar results were obtained with 
thermally relaxed crystals. 


One of us (U. C.) is indebted to the Consiglio Nazionale delle Ricerche, Roma, for the opportunity to 
carry out this investigation. 


UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. (Read, March 30th, 1949.]} 
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S74. The Yields by Fast and Slow Neutrons in a 
Szilard—Chalmers Reaction. 


By ENGELBERT Bropa and WERNER RIEDER. 


SZILARD-CHALMERS reactions are known in which the yields are not quantitative even when 
the neutron-capturing molecules are present in dilute solution. This effect may be attributed 
(1) to an insufficiency of the available excitation energy to bring the chemical reaction 
to completion in all cases, or (2) to the ability of the unstable primary product to undergo 
reactions which re-form the original (target) molecule. If the primary product undergoes these 
reactions after all the kinetic energy derived from the nuclear reaction has been expended, the 
yield is not expected to depend on the energy of the nuclear process. 

In order to decide whether the yield, in at least one case, does in fact depend on the energy 
of the nuclear reaction, a Szilard—Chalmers reaction of permanganate ion was carried out with 
fast (radium-beryllium) and with slow neutrons. In the fast-neutron experiments the crystals 
were protected against stray slow neutrons by boron and cadmium shields, and the absolute 
activity produced was consistent with the capture cross-section of manganese for fast neutrons 
(1-5 x 10-*? barns at 1 Mev.; Hughes, private communication). After irradiation the crystals 
were dissolved in water at pH 4 (moderate changes of pH did not affect the result) and the 
Mn*O, was separated from the solution by filtration through sintered or paper filters. Various 
checks excluded exchange of quadri- with hepta-valent manganese and the possibility of the 
finely divided manganese dioxide running through the filters. 

The part of the recoil energy available for chemical reactions after capture of slow neutrons 
is about 150 ev. provided that all y-energy in the case of manganese is emitted as one single 
ray as found by Fleischmann (Ergeb. exakt. Naturwiss., 1936). With neutrons of about 1 Mev., 
this energy would be of the order of 10,000 ev. (Broda, J. Chim. physique, 1949, 45, 196). 
Nevertheless, the yields (80% of the activity present as Mn*O,) were not found to be 
significantly different in the two cases. This result shows that the final valency of the Mn* 
is not determined by the energy available for the primary reaction, and supports Libby’s idea 
(J. Amer. Chem. Soc., 1940, 62, 1930) that the Mn* is obtained in the heptavalent state from 
the “ explosion.”” To explain its reactivity one has to assume that it is present as Mn*O,+ 
rather than Mn*O,-. This cation may, after being slowed down, either oxidise water (with 
reduction to Mn*O,) or else re-form Mn*O,- by 

Mn*O,* + OH~ = Mn*O,- + Ht or Mn*O,* + H,O = Mn*O, + 2Ht 
or Mn*O,+ + MnO,- = Mn*O,- + MnO,+ 
This mechanism, then, involves dissociative removal of an oxygen ion rather than an oxygen 
atom in the primary reaction. 

Some experiments were also performed with solutions of calcium and potassium permanganate 
with quite.similar results, but owing to the inevitable presence of some slow neutrons in these 
cases interpretation is not conclusive. 


THE UNIVERSITY, VIENNA. [Read, March 30th, 1949.) 





S75. The Production by the Cyclotron of Some Useful 
Radio-nuclides.* 


By Joun W. Irvine, Jun. 


The production of sodium, manganese, iron, and zinc radio-nuclides by use of 10—20-Mev. 
deuterons produced in a cyclotron is described. 


ALTHOUGH the nuclear chain reactor now bears the brunt of producing radio-nuclides for 
research in chemistry and the other sciences, the cyclotron by its versatility is still essential 
to the production of some useful radio-nuclides. With certain elements the (mn, y) reaction 
yields only isotopes with relatively short half-lives (**Na, **Mn). With other elements the 


* The work was assisted by the joint programme of the Office of Naval Research and the Atomic 
Energy Commission. 
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specific activity of the product is too low for many experiments (“Zn). Occasionally mixed 
isotopes are produced when a radio-isotopically pure activity is desired (Fe, ®Fe). Fission 
products in the middle of the Periodic Table and (n, ) or (m, «) products from elements with 
atomic number less than 20 strongly supplement that group of elements produced by the (n, y) 
reaction, but the nuclear chain reactor furnishes few radio-nuclides which decay by positron 
emission or by orbital-electron capture. A cyclotron operating with deuterons in the energy 
region of 10—20 Mev. can complete a radio-nuclide production programme by making 
available nuclides not adequately prepared by the nuclear chain reactor. 

Because they yield carrier-free products, deuteron reactions involving a change in atomic 
number are usually most important. Thus the reactions (d, m), (d, 2m), and (d, «) yield a large 
number of radioactive products which can be separated from the target without adding a 
carrier. Multiple particle reactions such as (d, px) and (d, «2n) become important above about 
15 Mev. and extend into the super-voltage range, becoming more complex as the energy 
increases. At present such reactions are not used extensively for production purposes. In- 
addition to the deuteron reactions, fast neutrons generated by *Be (d, n)*°B are very useful 
for inducing reactions such as (n, p) and (m, «) in the elements of higher atomic number. 

The reactions (d, p) and (d, H*) yield radioactive products identical with those made by 
(n, y) or (n, 2m). In some cases, particularly when the half-life is short, the specific activity of 
(d, p)-produced nuclides is higher than the (m, y) analogue from the nuclear reactor. In a 
100-microamp. deuteron beam on a normal probe target the deuteron flux is approximately 
10% deuterons/cm.*-sec. and (d, ~) cross-sections are of the order of magnitude of 10-* cm.?. 
Of course, the deuteron beam has a very small cross-sectional area and small targets must 
be used. 

When possible, targets should be bombarded in the outside beam of the cyclotron. When 
this is done the power density is reduced to a point where the cooling of the target is not 
difficult and volatilisation of target and product is minimised. In some cases probe 
bombardments are necessary. These require the use of highly refractory targets since the 
power density can readily be as high as 1—5 kw./cm.* and the target is in a high vacuum. 
The yield per microamp.-hour of radio-iodine from telluride targets or of radio-sodium from 
magnesium targets can be increased 10—20-fold by going from probe targets to outside targets. 

Production of Radio-nuclides.—(1) *Na and “Na. As produced by the (n, y) or (d, p) reactions, 
radio-sodium is available only as *Na (T,), = 14-8 hours) with a specific activity of about 
5 rd/mg. (U.S.A.E.C.; ‘‘ Radioisotopes Catalogue and Price List,’ Sept. 1947) [rd = 
rutherford = 10%d/s (Condon and Curtiss, Physical Rev., 1946, 69, 672)). If a carrier-free 
material is desired it can be obtained by bombarding magnesium or aluminium with deuterons. 
With 14-Mev. deuterons a yield of 8-7 rd/wah is obtained from magnesium and 1-7 rd/yah 
from aluminium (Clarke and Irvine, ibid., 1946, 70, 893). This last reaction gives carrier-free 
radio-isotopically pure “Na. 

The magnesium targets also yield Na (T4). = 3-0 years). The (d, «) reaction by which 
the **Na is produced has a cross-section comparable to that for *Na production, but because 
of the longer half-life the thick target yield is only 65 mrd/wah. By ageing magnesium targets 
for two weeks, the *Na activity is decreased by a factor of about 10* and essentially pure Na 
remains. 

The radio-sodium can be separated from magnesium and aluminium by precipitation as 
sodium zinc uranyl acetate. The small amount of “Na present (~0-01%) serves as a carrier 
(Irvine and Clarke, J. Chem. Physics, 1948, 16, 686). 

(II) "Mn and “Mn. Neutrons on manganese produce *Mn (7,). = 2-59 hours) which is 
too short-lived for many experiments. Longer-lived carrier-free manganese preparations 
can be made by bombarding iron or chromium targets with deuterons. The first target gives 
“Mn (Ty), = 310 days) by (d, «) with a yield of 37 mrd/wah at 14 Mev. (Hevesy, ‘‘ Radioactive 
Indicators,” p. 40, Interscience Publishers, N.Y., 1948). Although *Mn (7,,;, = 6-5 days) and 
56Mn are also present, they soon decay away. 

To make “Mn, chromium is bombarded. The (d, 2m) reaction has a yield of 3 rd/yah at 
14 Mev. (Clarke and Irvine, Joc. cit.). Mn is also made, but its yield is smaller by a power of 
about 10° and so does not interfere with the use of the Mn for several weeks. 

(III) "Fe and ™Fe. When two radio-isotopes of the same element have radiation 
characteristics that allow them to be measured one in the presence of the other, and when these 
isotopes can be obtained radio-isotopically pure, a new field of tracer application is open for 
them. Double-tracing experiments utilising the two isotopes of iron have been performed in 
the study of the problem of preserving whole blood for transfusion purposes (Peacock e¢ ai., 
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J. Clin. Invest., 1946, 25, 605). The double-tracing technique permits an experimental subject 
to act as its own control, thus eliminating this source of uncertainty in these biological 
experiments. 

Neutrons on iron yield both ®Fe (44 days) and Fe (4 years). In addition to the 
disadvantage of low specific activity, this isotopic mixture cannot be resolved by any practicable 
means. These two iron isotopes can be obtained with very high specific activity and isotopically 
pure from two separate targets. "Fe is prepared by (d, 2m) reaction on Mn. Since this is 
the only isotope of manganese, and **Fe is stable, no other active isotope of iron is made. 
Manganese metal is a poor target material for probe targets, but an alloy containing Mn 90%, 
Cu 8%, and Si 2% has been fairly satisfactory. A yield of 25 mrd/yah is obtained with 14-Mev. 
deuterons (Peacock, et al., loc. cit.). 

Fast neutrons on cobalt give carrier-free Fe by the (, ) reaction. Metallic cobalt can be 
fastened directly behind a beryllium probe target for the maximum fast-neutron flux. The 
yield of Fe under these conditions is 80 urd/g. of Co/uah of 14-Mev. deuterons on beryllium 
(Peacock, et al., loc. cit.). The simultaneous formation of ®Co by (m, y) can be minimised by 
covering the cobalt target with cadmium. 

This (n, p) reaction can be effected by the fast neutrons in a nuclear chain reactor. The 
cross-section is small (5 x 10-* calculated on the basis of a slow-neutron flux of nv = 10") 
and the large amount of Co formed by (n, y) complicates the separation procedure. Cadmium 
shielding of the irradiation sample reduces the Co activity by a factor of 15, but the activity 
ratio of Co/®*Fe is still 10°. The cyclotron irradiations give an activity ratio of about 10 
(Irvine, ‘‘ Science and Engineering of Nuclear Power,”’ p. 230, Addison-Wesley, Cambridge, 
1949). 

(IV) “Zn. This isotope is readily available from nuclear reactor bombardments. 
However, the specific activity is quite low (90 mrd/mg.) (U.S.A.E.C., loc. cit.). In biological 
systems zinc is usually present in trace amounts, and high specific-activity material is essential. 
By bombarding copper with deuterons carrier-free zinc can be made readily. The yield is 
120 mrd/wah with 14-Mev. deuterons. Unless the copper is specially purified before 
bombardment a small amount of inactive zinc (~0-01%) will usually be present. For many 
purposes this is not an important dilution. Dithizone extraction into chloroform is a good 
method of purifying the zinc preparation after the bulk of the copper has been removed by 
electrolysis. An abundant supply of ®Zn can usually be recovered from parts of the internal 
structure of the cyclotron when such parts have been removed for repair or replacement. 

Yield Determinations from Excitation Curves.—The most practicable method of determining 
the yield of any radio-nuclide is to carry out a short bombardment under normal operating 
conditions and measure the activity obtained after careful radio-chemical purification. 
However, data thus obtained cannot be used for calculating yields at any other deuteron energy 
and they give no indication of the bombardment efficiency. 

A better method of obtaining yield data is to determine the deuteron excitation function 
for the particular reaction of interest. The best method of determining such functions is the 
stacked-foil technique (Clarke and Irvine, Physical Rev., 1944, 66, 231). Here the deuteron 
beam is totally absorbed in a stack of target foils and the activity induced in each foil is measured. 
From the energy of the deuteron beam and the range-energy relationship for deuterons in the 
target material the energy decrement in each foil can be calculated. A careful measurement 
of the total number of deuterons striking the foils permits the calculation of a cross-section value 
for the reaction over the energy interval corresponding to each foil. The results of such a 
determination from deuterons on copper are given in Fig. 1. By graphical integration of the 
area under each cross-section curve, thick-target yields as a function of deuteron energy are 
obtained. These are given in Fig. 2.* 

In addition to yield data and a more detailed knowledge of nuclear energetics obtained from 
excitation-function determinations, new nuclear reactions can be characterised. The reaction 
27Al(d, pa)**Na mentioned in connection with “Na production was discovered by analysing 
an excitation curve (Clarke, ibid., 1947, 71, 187). Fig. 1 shows the curve for the reaction 
%Cu(d, 2p)*5Ni. When first observed, the nickel activity was thought to be “Ni from (d, «) 
on “Cu (Clarke and Irvine, ibid., 1946, 69, 680A). When the isotopic assignment of the 
2-6-hour nickel activity was changed to “Ni on the basis of the (m, p) reaction on separated 
copper isotopes and the (m, y) reaction on separated nickel isotopes (Conn, ef al., ibid., 1946, 
70, 768), it was recognised that a (d, 2p) reaction must be responsible for the “Ni formed in 


* The determination of these excitation curves and thick-target yields was carried out in 
collaboration with Dr. E. T. Clarke, Department of Physics, Massachusetts Institute of Technology. 
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copper. Enough is known about the characteristics of (d, p) reactions to rule out the possibility 
of a trace of nickel impurity being responsible for this curve. Although the excitation curve 
for “Ni (d, p)*Ni has not been determined, the threshold observed in Fig. 1 is much higher than 
would be expected for this reaction. 

In order to obtain these excitation curves, rapid chemical separations were made on 24 
copper foils. To save time at every step all equipment was set up in multiples of 24. Each 
foil was dissolved rapidly in a’sulphuric acid—hydrogen peroxide solution containing 2 mg. 
each of zinc and nickel. The copper was precipitated by adding ammonium hypophosphite. 
The nickel was precipitated from the filtrate with dimethylglyoxime and ammonia, and finally 
the zinc was precipitated as the anthranilate. The activity in each sample was determined by 
measurement with calibrated counters, and the excitation function calculated. The poor data 
on “Zn are due to very low activities in the samples. 

It should be apparent that deuteron excitation functions can play a very important role in 
a programme for the production of radio-nuclides by the cyclotron, and that radio-nuclides 
thus produced are needed in much radio-chemical research. 


DEPARTMENT OF CHEMISTRY AND LABORATORY FOR NUCLEAR SCIENCE AND ENGINEERING, 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY, 


CAMBRIDGE, MASSACHUSETTS. [Read, March 30th, 1949.] 





S76. Studies of Neutron-deficient Radioactive Isotopes. 


By GEOFFREY WILKINSON. 


The technique of investigation of neutron-deficient radioactive isotopes, produced by use of 
a 60-inch cyclotron, and some preliminary results are recorded. 


THE investigation of nuclear reactions of high-energy particles from the 184-inch cyclotron, 


with various elements throughout the Periodic Table, has, during the past few years, been 
one of the main fields of research of the chemistry group at the Radiation Laboratory, 
University of California, Berkeley. Quantitative interpretation of results, however, has been 
made difficult since many new isotopes of indeterminate mass number are produced. Further, 
many of these radioactive products lie well on the neutron-deficient side of stability, and they 
decay by orbital-electron capture, often with a-particle branching in the heavier region and 
positron emission in the lighter elements; the resolution of radioactive species from the 
complex mixtures, and the determination of distintegration schemes and counting efficiencies 
necessary in quantitative work, are very difficult. The lack of knowledge of neutron-deficient 
isotopes was particularly great in the region from praseodymium to gold, and a survey of such 
isotopes was therefore begun, using the lower-energy particles from the 60-inch Crocker 
Laboratory cyclotron. Some 40 new radioactive isotopes have now been studied, and several 
isotopes, previously reported inadequately, have been re-examined. That, in addition to 
increasing the knowledge of radioactive isotopes, such studies can facilitate research in other 
fields of science, is shown by the use of the 185-day gold isotope “*Au (Wilkinson, Physical 
Rev., 1949, 75, No. 7) as a tracer in studies on arthritis. 

Bombardments.—The 60-inch cyclotron is particularly suitable for research on, and production 
of, radioactive isotopes. The cyclotron produces 10-Mev. protons, 19-Mev. deuterons, and 
38-Mev. helium ions, with deflected beams of several microamperes, enabling the formation of 
radioactive isotopes by reactions such asd, p; dn, 2n, 3n; pn; d,a; d,n, 2n,3n; a, pn; a, p2n, 
etc. Using internal or probe targets, beams of 200—300 microamperes of deuterons can be 
obtained, for example, and large activities of radio-isotopes thereby produced. In the present 
work, the external, i.e., deflected beam of the cyclotron has been used exclusively, since use of 
the circulating beam requires special target materials capable of withstanding the heating 
effects resulting from dissipation of large beam currents. Elements have been bombarded as 
metal foils, where available, or as oxides. The latter were spread over a grooved copper plate 
which could be water-cooled. Where small quantities of material, e.g., rare-earth oxides such 
as lutecium oxide, were available, a small platinum boat of area about 1 sq. cm. was soldered 
to a small water-cooled copper plate to form an “ interceptor” target, which was then placed 
so as to absorb about one-third of the cyclotron beam. Oxide targets were prepared in the 
holders, by wetting the powder with sodium silicate solution, and subsequently drying it under 
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an infra-red lamp. Such bonded targets h-ve withstood over 100 microampere-hours of 
19-Mev. deuterons without loss. All oxide targets were covered with 0-2-mil tantalum foil as 
additional protection. 

Where bombardments were desired with particles of energy lower than those produced by 
the cyclotron, tantalum foils of various thicknesses, calculated from range—energy relations for 
deuterons, protons, and helium ions in matter, were placed before the target to reduce the beam 
energy. A 5-mil tantalum foil, for example, reduces the energy of the helium ion beam from 
38 to 20 Mev. 

Chemical Procedures.—After bombardments had been made, the target material was 
dissolved in acid, and the radioactive isotopes being investigated were chemically separated 
by using isotopic carrying on added inactive carriers. Except in the case of the rare-earth 
elements, where chemical separation was made by means of ion-exchange resin columns, 
conventional chemical methods of precipitation, solvent extraction, etc., were used. The 
rare-earth separation procedure is described elsewhere in detail (Wilkinson and Hicks, ibid., 
No. 9), but in brief is as follows. 

A 20 x 0-4 cm. column of Dowex-50, a sulphonated hydrocarbon resin of combining weight 
about 200, was employed. About 5—10 mg. of rare-earth oxide dissolved in hydrochloric acid 
pH 0-5—1 were first adsorbed on about 0-2 ml. of resin. This resin was then transferred to 
the top of the column, through which was then passed a solution of 0-25m-citric acid adjusted to 
pH 3-05 with aqueous ammonia. The ionic strength of all solutions was held to a minimum 
in order to achieve best separation. For a drop size of about 0-03 ml., the flow rate of citrate 
eluant solution was approximately one drop in 4 minutes. Under these conditions the rare 
earths are eluted from the top resin band and move down the column, lutecium being the 
first to leave the column, followed by the other rare earths in order of decreasing atomic 
number. The eluate was collected in small test-tubes held in a perforated wheel which was 
rotated automatically to bring a tube under the column at predetermined time intervals, ¢.g., 
every 15 minutes. The radioactivity of the various tubes was checked during column runs, 
and the activity plotted against sample number; inactive rare earths were estimated 
spectroscopically by the arc method. When the quantity of rare earth, measured by either 
method, is plotted thus, a series of elution peaks is obtained, allowing selection of tubes containing 
pure rare-earth fractions. Separation factors of over 1000 were obtained between neighbouring 
elements in many separations. 

The general method of approach to the problems can best be shown by an example. About 
20 mg. of holmium oxide were bombarded with 38-Mev. «a-particles. After an initial chemical 
purification of the rare-earth fraction by repeated precipitation from hot 3N-nitric acid solution 
by addition of hydrofluoric acid (the precipitated fluoride was dissolved in concentrated nitric 
acid saturated with boric acid, and the hydroxide precipitated by ammonia and then redissolved 
in nitric acid for the next fluoride precipitation), a standard solution was prepared in 1 ml. of 
dilute hydrochloric acid. Aliquots of this solution were taken (a) for direct measurements of 
radioactivity by aluminium and lead absorption and for decay, (b) for estimation of the chemical 
yield, i.e., for the fraction of bombarded material recovered, and (c) for separation on the ion- 
exchange column. 

Where the chemistry of radio-isotopes produced is radically different from that of the 
target, i.e., in cases other than the rare earths, or in deuteron bombardments of rare earths 
where radioactive isotopes of adjacent elements are formed simultaneously, chemical separation 
must in general be performed before radioactive measurements are made. In the holmium 
bombardment now considered the only activities in the unseparated rare-earth fraction were 
identical with those obtained in the column-separated thulium and were produced by a,#n 
reactions; any «,pxn reaction would lead to stable erbium isotopes. Radioactive measure- 
ments without previous chemical separation have been made where short-lived activities 
were produced by proton or a-particle bombardment, or in deuteron bombardments where the 
products of the d, p and d,p2n reaction with the target nucleus were known. 

Radioactive Techniques.—In the present research, neutron-deficient radioactive isotopes 
have been studied almost exclusively. Decay can thus occur by orbital-electron capture, 
together with emission of positive electrons, and possibly negative $-particles where the 
radioactive isotope is ‘‘ shielded” between two stable isotopes, e¢.g., 120-day Lu. The 
radiations emitted are therefore almost invariably complex, consisting of L and KX-radiation 
from orbital-electron capture and conversion of soft y-rays, y-radiation of various energies, 
conversion electrons, and possibly positive and negative @-particles. Although some isotopes 
have very complex disintegration schemes, with several excited or metastable levels in the 
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daughter nucleus following orbital-electron capture, e.g., the 64-hour *Re (Wilkinson and 
Hicks, ibid., 1948, 74, 1733), yet others, e.g., the 140-day “!W (Wilkinson, Nature, 1947, 160, 
864) have comparatively simple decay schemes and emit X-rays only. Much information on 
modes of disintegration can, however, be obtained from simple techniques of absorption 
measurements in aluminium and lead foils. A crude $-ray spectrograph provides information 
on the sign and nature of electron radiations and in conjunction with absorption measurements 
allows a reasonable approximate estimate of decay schemes. This instrument consist of a 
small mica window counter placed on a line with the radioactive source at a distance of 4 cm. 
In the field from an electromagnet surrounding the source and counter holder, the rough energy 
distribution and sign of electrons can be obtained by altering the strength and direction of the 
field, respectively. Data on activity and field strengths are recorded automatically. 
Information on the nature of electron and soft electromagnetic radiation is obtained by the 
technique (Wilkinson, Joc. cit., 1949) of differential absorption in aluminium and beryllium 
foils. Since the stopping power of elements for electrons is almost independent of atomic 
number when the absorber thicknesses are expressed in weight per unit area, whilst that for 
electromagnetic radiation increases rapidly with increasing atomic number, measurements with 
aluminium foils give the gross absorption of electrons and soft electromagnetic radiation; if a 
beryllium foil of thickness sufficient to remove any electrons present is placed over the sample, 
and the aluminium absorption repeated, the absorption curve for soft electromagnetic radiation 
is obtained. In the region from neodymium to gold, the mean half-thickness for absorption 
of L X-radiation varies from ~6 mg./cm.* aluminium and 200 mg./cm.* beryllium to 
~30 mg./cm.* aluminium and ~3800 mg./cm.* beryllium. The average energy of K X-radiation 
in this region ranges from ~38 to ~70 Kev., and K X-rays appear as hard background in 
aluminium absorption measurements. Where electrons and electromagnetic radiations may 
have comparable half-thicknesses in beryllium, ¢.g., for electrons of a few tenths Mev. and 
tin K X-radiation, the problem of resolution is complicated and requires complete absorption 
measurements down to y-ray background using both aluminium and beryllium absorbers; a 
knowledge of electron energies from a crude $-ray spectrograph, or of expected X-ray energies, 
is of great assistance in such cases. An alternative method is to use a magnetic field to remove 
electrons and to measure the electromagnetic radiation directly. 

Absorption of hard electromagnetic radiation is obtained by using lead absorbers. In 
order to reduce spurious effects due to scattering, counters used for these measurements are 
placed in air, without the usual lead housing. The active sample, mounted in low geometry, 
is sandwiched between beryllium absorbers to remove electrons, and a further beryllium 
absorber of thickness sufficient to stop Compton and photo-electrons produced in lead is placed 
immediately below the counter window. Lead absorbers are then inserted between the 
beryllium foils. By this approach, energies for X-rays and y-rays have been obtained from 
lead-absorption measurements, which agree well with those obtained by more accurate methods. 
It is to be noted, however, that resolution of radiations of similar energies is impossible by lead 
absorption and the measurements given mean absorption half-thicknesses and energies. When 
aluminium, beryllium, and lead absorption measurements have been made at various times, 
and the decays of the various radiations followed separately, the absorption characteristics of 
radioactive isotopes, if more than one species is present, can be made by an appropriate resolution 
of the curves; the contribution of longer-lived activities is subtracted from earlier gross 
measurements. 

In order to try to obtain a rough idea of the disintegration schemes of orbital-electron- 
capture isotopes, with the object of calculating the yields in nuclear reactions, the ratios of 
electrons and electromagnetic radiations are calculated from absorption measurements. 
Corrections are necessary for absorption of the radiations in the counter window, air gap, etc., 
and for loss of X-rays by the Auger effect. Back-scattering of electrons from the source is 
minimised by mounting thin samples of active material on very thin mica or on plastic films. 
The largest errors result from uncertainties in the counting efficiencies of electromagnetic 
radiations in the counters used. The counting efficiency of 10-cm. long counters filled with 
10 cm. of argon and 0-5 cm. of alcohol for 500-Kev. y-rays is known to be about 0-5%; it has 
been assumed that this efficiency is constant to about 40 Kev. The increase in counting 
efficiency for softer radiation was calculated from the known absorption coefficients for the 
gas, and values of 12% at 7 Kev. and 2% at 10 Kev. were obtained. From 500 Kev., the 
counting efficiency again increased, and has been taken as 1% per Mev. 

Whilst the ratios of the various radiations thus obtained may be in considerable error in 
view of the uncertainties, some indication of the decay schemes can be obtained. A single 
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radiation from the radioactive isotope can then be used as a means of calculating relative yields 
at various bombarding energies, which, of course, as a means of allocating isotopes are of more 
value than absolute cross-sections. The measured K X-radiation has, in general, been taken 
as representing disintegration by orbital-electron capture; corrections were made for X-rays 
arising from conversion. In some cases, where the radiations are mainly X-rays, the yields, 
calculated on the assumption that one K X-ray quantum represents one disintegration by 
orbital-electron capture, probably correspond closely to the absolute cross-section for production 
of the isotope. 

In the example given previously, where holmium was bombarded with «-particles, three 
new radioactive isotopes were characterised. By reducing the energy of the bombarding 
particles it was possible to allocate unequivocally, from yield considerations, the three isotopes 
of half-lives 7-7 hours, 9-6 days, and 85 days respectively to masses 166, 167, and 168. The 
K X-rays in each case were taken as indicative of orbital-electron capture. The accompanying 
tables shows the yields, at the various energies, in barns. 


a-Particle energy in Mev. 





Activity. 38 30 19 Reaction. Allocation. 
7-7 Hours 1-1 5 x 10-¢ os 165Ho a, 3n 166Tm 
9-6 Days 7x 10-* 0-1 10-3 165Ho a, 2n 167Tm 
85 Days 10-¢ 3 x 10-8 0-2 165Ho a, n 166Tm 


The allocation of the 85-day activity was confirmed by production of the isotope by fast 
neutron ,2n reaction on thulium. 

The above techniques have been applied to study of neutron-deficient isotopes of many 
elements between praseodymium and mercury. A preliminary report on several of the new 
isotopes has been given (Wilkinson, Joc. cit., 1948); detailed reports on platinum and gold 
activities (idem, Joc. cit., 1949), thulium (Wilkinson and Hicks, Joc. cit.), tungsten (Wilkinson, 
loc. cit., 1947), hafnium (Wilkinson and Hicks, Physical Rev., 1949, 75, No. 4), and neodymium 
(idem, ibid., No. 11) have been published, and reports on new isotopes of several other elements 
are in the course of preparation. 

The contribution of such a study on neutron-deficient isotopes to nuclear systematics is as 
yet uncertain, and the difficulty of ascertaining the exact disintegration energies of orbital- 
electron-capture isotopes by measurement of these radiation characteristics precludes significant 
correlations. It is, however, possible to reach a few empirical conclusions. For instance, 
nuclei of odd Z and even N, where Z and N are the number of protons and neutrons respectively 
in the nucleus, have longer half-lives than their neighbours; nuclei of even Z and odd N, and 
odd Z, even N, appear to have a very low abundance of y-rays in their disintegration, etc. 
Further, where radioactive isotopes are “‘ shielded ’’ by stable isotopes, decay by both orbital- 
electron capture and by negative-8-particle emission should be possible, and has been observed 
in several cases, ¢.g., 85-day Tm, 120-day ™Lu, 35-min. Ho, 5-5-day “Au. In a few 
cases some evidence for negative-$-particle emission to a ‘“‘ missing’’ stable isotope has been 
obtained from aluminium absorption measurements, but has yet to be confirmed by accurate 
studies on a $-ray spectrometer. Work is now in progress on this matter and an attempt is 
being made to produce the “ missing ” isotope ® Pt by bombardment of iridium with 19-Mev. 
deuterons, where the d, 3n reaction leads to Pt. Previous work (Wilkinson, /oc. cit., 1949) has 
set a lower limit of about 500 years for the half-life of ® Pt for decay by orbital-electron capture ; 
it is possible, as discussed by Kohman (U.S.A.E.C. Declassified document AECD. 2060), that 
19 Pt and some other “‘ missing ’”’ B-stable isotope, may be a-active with cosmologically short 
half-lives, and be non-existent now in Nature for that reason. 


UNIVERSITY OF CALIFORNIA, BERKELEY, CALIFORNIA. (Read, March 29th, 1949.]} 
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877. a-Decay Systematics. 
By GEOFFREY WILKINSON. 


Recent work in the laboratories at Berkeley is reviewed, and consideration of a large number 
of isotopes emitting a-particles has enabled many of the phenomena to be correlated. In 
particular, the relations between a-particle energy and mass number, and between half-life 
and energy in a-decay, are investigated. 


THE knowledge of «-particle-emitting isotopes, long confined to the natural decay series of 
UU, 8°, and ™°Th, has, in recent years, been greatly expanded by the production of many 
new isotopes by bombardment of the heavy elements with neutrons and high-energy charged 
particles. The investigations on the artificial neptunium (4” + 1) radioactive series, and 
some of its collateral members, i.e., branch members outside the main line of decay, carried out 
in the American and Canadian atomic energy projects during the war, have been reviewed by 
Seaborg (Chem. Eng. News, 1948, 26, 1902). The work on new isotopes produced by cyclotron 
bombardments of heavy elements with high-energy particles and deuterons at the University 
of California, has been outlined recently [Templeton and Perlman, Physical Rev., 1948, 78, 
1211 (active Bi isotopes); Templeton, Perlman, and Howland, ibid., 1947, 72, 758 (artificial 
radioactive Po isotopes); Ghiorso, Meinke, and Seaborg, ibid., 1948, 74, 695; 1949, 75, 
(artificial collateral chains to the natural radioactive series)]. In all some 100 «-particle-emitting 
isotopes, the production and properties of which have been recently summarised (Seaborg and 
Perlman, Rev. Mod. Physics, 1948, 20, 585), are now known, and the new data have permitted 
a more extensive view of the systematics of «-particle emission than was previously possible, in 
particular of the correlations between a-particle energy and mass number of the isotope, and 
the relation between half-life and energy in a-decay. 

(A) a-Energy and Mass Number.—The plot of a-particle energies against the mass number 
is perhaps the simplest and most direct, if not the most definitive way of correlating «-particle 
energies. Recent data, not available to previous workers (cf. Schintlemeister, Wien. Chem.-Zig., 
1943, 46, 106; Berthelot, J. Phys. Radium, 1942, 3,17; Karlik, Acta Phys. Austrica, 1948, 
2, 182) have been treated in this manner by Perlman, Ghiorso, and Seaborg (Physical Rev., 
1948, 74, 1730) and have enabled interesting conclusions to be drawn regarding the nature of 
the energy surface in the region of the heavy elements, as well as the prediction of properties 
of unobserved «a-particle emitters. 

The plot of «-particle energies against mass number can be conveniently divided into two 
regions. 

(i) For the elements from emanation (Z = 86) to curium (Z = 96) the isotopes of each 
element can be joined by almost parallel lines, with an increase in a-particle energy for 
decreasing mass number. No cases have yet been observed where an isotope has a lower 
decay energy than might be expected, and in the cases of thorium and uranium, the regularity 
extends through mass-number ranges of 9 and 11, respectively; in uranium, the regularity 
persists from the heaviest 6-stable isotope, **U, well into the region of instability with respect 
to orbital-electron capture. The linear trend of increasing «-particle energy with decreasing 
mass number is explained by Perlman, Ghiorso, and Seaborg from a consideration of an energy- 
surface diagram. A series of “‘ Bohr—-Wheeler parabolas”’ for mass numbers A, A-2, A-4, 
etc., are considered, it being borne in mind that in the region from lead to uranium approximately 
two neutrons are added for each proton in attaining comparable configuration with respect to 
B-stability. Pairs of elements differing by Z = 2 can be compared if it is assumed that a 
fairly constant packing fraction exists between pairs of nuclear species on the two contours 
separated by 5—6 mass units. Since a-decay proceeds between points on the two contours 
differing by 4 mass units, i.e., from (A, Z) to (A-4, Z-2), the energy differences between such 
pairs of points increase with decreasing mass number. 

(ii) For the lower elements, i.e., from bismuth (Z = 83) to emanation (Z = 86), a different 
phenomenon appears. The heaviest isotopes follow the same trend as previously at first, 
but as the mass number decreases, the a-particle energy goes through a maximum, decreases 
with increasing mass number to a minimum, and then resumes the initial trend of increasing 
a-particle energy with decreasing mass number. 

In order to explain this behaviour, a sharp irregularity in the energy surface, such that a 
number of isotopes must comprise a localised region of abnormally high stability, must be 
assumed. Perlman, Ghiorso, and Seaborg point out that **Bi, “°Po, and “At, which are 
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situated at or near the minima of their respective curves in the a-energy—mass number plot, 
contain 126 neutrons, possibly a very stable configuration (Mayer, Physical Rev., 1948, 74, 
235). With such an assumption of abnormal nuclear binding, the trends in «-particle energies 
can be obtained again from considerations of a series of ‘‘ Bohr—Wheeler parabolas ’’ as before. 

Apart from the information which the plot gives regarding the nature of the energy surface 
in the region of the heavy elements, it is useful in predicting the properties of 
unobserved «-particle emitters, and for assisting in the resolution of discrepancies in disintegration 
schemes of various isotopes. 

(B) a-Energy and Half-life-—Perlman, Ghiorso, and Seaborg have recently extended the 
work of Berthelot (J. Phys. Radium, 1942, 3, 52) on the correlation between the half-life and 
a-energy for about 90 a-emitting isotopes. The logarithm of the half-life is plotted against the 
a-energy, and the results are interpreted with regard to the number of protons (Z) and neutrons 
(4-Z) in the nucleus. 

(a) Even-even nuclei. Excluding isotopes where the branching ratio for «-particle emission 
is unknown, all even-even nuclei fall on seven nearly parallel lines corresponding to the elements, 
Po, Em, Ra, Th, U, Pu, Cm, with an average decrease of about 10 in the probability of «-particle 
emission for an increase of 2in Z. This is in agreement with the effect attributable to charge 
in the Gamow theory of «-particle emission. 

(b) Even—odd nuclei. These lie above the curve for even-even nuclei of the same elements, 
thus showing abnormally long half-lives, e.g., ™*Pu which has a 5-15-Mev. a-particle would 
cut the line joining ** Pu and *° Pu at a point corresponding to a half-life of 3000 years, whereas 
the actual half-life is 24,000 years. Even-odd nuclei have, on the average, half-lives longer 
by a factor of 2 than those that might be predicted on the basis of even-even nuclei. 

(c) Odd-—even nuclei. If hypothetical lines are drawn midway between the curves of even— 
even nuclei, to signify curves for odd Z, then almost all the odd—even isotopes have half-lives 
greater than those predicted by an average factor of about 5. 

(d) Odd-odd nuclei. Although only six such nuclei are known, the deviations are greater 
than in other cases, and the half-lives are 10—20 times longer than might be expected. 

The exceptions to the general behaviour are found mainly with nuclei whose «-particle 
energies can be explained by an abnormality in the energy surface, e.g., *At, polonium isotopes 
of mass below 212, and the bismuth a-emitters. This suggests that the decreased probability 
of a-emission, i.e., long half-lives, observed in these cases results from an abnormally small 
nuclear radius. An attempt to dissociate the effect of a decrease in nuclear radius from the 
effects due to odd numbers of neutrons and the odd charge for bismuth isotopes, by making 
corrections based on regularities observed in other elements, leads to the result that discontinuity 
in radius of the order of 10% is required in this case. 

The lengthened half-life for isotopes with odd numbers of protons or neutrons, or both, 
has previously generally been attributed to abnormal decrease in radii, as is no doubt the factor 
in the above cases, or to changes in spin between the parent and product nuclei in which the 
«-particle is emitted with angular momentum. All cases of forbidden transitions, as indicated 
by abnormally long half-lives, cannot however by explained by these factors. The spin 
hypothesis in particular would require the alternation of large and small spin numbers down a 
decay series, and in the case of **U, the Gamow theory requires a much larger spin change 
than is known to occur. In view of these difficulties, Perlman, Ghiorso, and Seaborg have 
suggested that the apparent forbidden nature of all a-decay where nuclei contain an odd number 
of nucleons may be connected with a greater difficulty in assembling the constituents of the 
a-particle within the nucleus. The existence of one or more unpaired nucleons may thus 
hinder the formation and emission with full energy of an a-particle, since the latter must be 
made up of two neutrons and two protons, each pair having anti-parallel spins. 


CHEMISTRY DEPARTMENT AND RADIATION LABORATORY, 
UNIVERSITY OF CALIFORNIA, BERKELEY. [Read, March 30th, 1949. 
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$78. The Reactions of High-energy Particles with Nuclei. 
By GEOFFREY WILKINSON. 


The use of the new 184-inch cyclotron, which affords deuterons and «-particles of much 
higher energy than hitherto available, has given a far more complex mixture of isotopes than 
the —e cyclotrons. This has necessitated a reconsideration of the mechanisms involved 
in atomic fission. 


THE 184-inch cyclotron at the Radiation Laboratory, University of California, Berkeley, 
has, since early 1947, been producing deuterons of energy about 190 Mev. and «-particles of 
380 Mev., and has been recently modified to produce also 350-Mev. protons. The reaction of 
such high-energy particles with matter produces a vast array of radioactive isotopes of elements, 
often far removed from the target nucleus, and it has been with these isotopes, and the 
mechanism of their production, that the chemistry section under Prof. G. T. Seaborg has been 
concerned. Since particles of energies only about one-tenth of those produced by this cyclotron 
were previously available, the complex reactions produced by it have had to depend on 
additional work at low energies using the 60-inch cyclotron for detailed interpretation. The 
research of Prof. Seaborg’s group can be separated into three main categories. 

(a) The production and characterisation of new vadioactive isotopes. Tue high-energy 
particles provide an easy method of producing radioactive isotopes far on the neutron-deficient 
side of stability by reactions such as d, 6n; d, 2p; d, 5n, etc. Particles of energies below the 
available maximum can be obtained from the 184-inch cyclotron by adjusting the radius at 
which the probe target is set in the cyclotron. The mass allocation of new isotopes is therefore 
possible by excitation studies over a wide range of bombarding energies using both the 60-inch 
and the 184-inch cyclotron. New radioactive isotopes of elements between praseodymium and 
mercury have been studied by Wilkinson and Hicks (cf. preceding paper), whilst neutron-deficient 
radioactive isotopes of antimony, tellurium, rhodium, palladium, and cerium have been studied 
by Perlman, Lindner, and Chubbock (Physical Rev., 1948, 78, 1124, 1202; 74, 982) using the 
184-inch cyclotron. 

In the region of the heavy elements, bombardment of uranium and thorium with high-energy 
particles has led to the recognition of many new «-particle-emitting isotopes, and six new 
“ collateral”’ «-particle decay series (Ghiorso, Meincke, and Seaborg, ibid., 74, p. 695; Meincke, 
Ghiorso, and Seaborg, ibid., 1949, '75, 314) associated with the parent isotopes. 

(b) The study of spallation reactions of high-energy particles. The bombardment of targets 
of various elements led to the observation of nuclear reactions where the product nuclei may 
be 20 mass units or more lighter than the target nucleus. These reactions, involving the emission 
of many light particles, have been quantitatively investigated by use of copper, arsenic, and 
uranium targets; preliminary. results of some of the work have been published (Hopkins and 
Cunningham, ibid., 1948, 78, 1406). The term “spallation reaction” from the verb éo spall, 
splinter, or chip, has been adopted for reactions of high-energy particles where multiple emission 
of neutrons, protons, or light nuclei occurs. 

(c) The study of the fission of heavy elements and the mechanisms involved at high bombarding 
energies. Nuclear fission has been observed with tantalum, platinum, thallium, lead, and 
bismuth (Perlman, Goeckmann, Templeton, and Howland, ibid., 1947, 72, 352), whilst more 
detailed studies, from the mechanism standpoint, have been made with bismuth (Goeckmann 
and Perlman, ibid., 1948, 78, 1127) and uranium (O’Connor and Seaborg, ibid., 1948, 74, 1189). 

Further, an observation, that with 380-Mev. a-particle bombardment of lead, astatine 
isotopes are formed in yields greater than those to be expected from reactions with impurities 
has been made by Templeton and Perlman. Such reactions are attributed either to secondary 
reactions of lithium nuclei formed by the high-energy particles, or to reactions involving 
emission of mesons of the type («-uxn). 


It is the characteristic spallation reactions of high-energy particles, and the correlation of 
experimental results with theories of high-energy-particle reactions, that will be further 
discussed here. The theory of nuclear reactions of high-energy protons and neutrons, which is 
quite different from the well-known Bohr—Wheeler theory for low-energy nuclear reactions, 
has been discussed by Serber (ibid., 1947, 72, 1114). In the Bohr—Wheeler picture, the projectile 
forms with the target a ‘compound nucleus” which then proceeds to dissipate the excitation 
energy by emission of neutrons or protons, a process more probable than emission of y-radiation 
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since it can occur much more quickly; an analogy has been made to the formation of, and 
evaporation from, a liquid drop. The break up or dissipation of excess energy from the 
compound nucleus is independent of the method of formation, and for a particular product the 
yields are highest when the excitation energy is most appropriate for the evaporation of the 
requisite number of neutrons or changed particles. The yield decreases rapidly with increasing 
energy since the probability of evaporation of further particles increases. In «-particle 
bombardments, for example, the yields of an, a2n, «3n, etc., reactions rise from a threshold to a 
maximum, then fall off rapidly, in succession, first am, then «2n, etc. On the Bohr—Wheeler 
theory, therefore, it might be expected for high-energy-particle reactions that no products 
close to the target nucleus would be produced—since the binding energy of a nucleon is roughly 
8 Mev. for medium heavy elements, bombardment with 100-Mev. protons might be expected 
to give products about 10—12 mass units lighter than the target. That a new approach to the 
theory of high-energy reactions is required is immediately apparent from the fact that the highest 
yields of product nuclei are found within a few mass units of the target—hence, some mechanism 
must be found for obtaining quite small excitation energies with bombarding particles such as 
180-Mev. deuterons. 

According to Serber’s theory, the picture is quite different from the Bohr—Wheeler picture. 
Considering bombardment by a single neutron or proton of high energy, the situation can be 
summarised as follows. 

(i) The collision time between the incident particle and the target is short compared to the 
time between the collisions of the nucleons within the nucleus. Thus the first step in the 
reaction can be regarded in terms of collisions between the incident particle and an individual 
nucleon. The situation is not exactly that of collisions between free nucleons because of the 
binding of the struck nucleon within the target nucleus. From this consideration, two facts 
arise : (a) As the energy of the incident particle increases, the scattering cross-section decreases 
inversely. Thus the mean free path of the projectile crossing nuclear matter increases with 
increasing energy, i.e., the nucleus begins to be transparent to the incident particle. (b) The 
incident particle loses only a small fraction of its energy to the struck one. 

The mean free path for a 100-Mev. projectile is estimated to be about 4 x 10~" cm., and 
the kinetic energy transferred to a struck particle about 25 Mev. It is obvious that since the 
mean free path of the projectile in a nucleus approximates to the nuclear radius, the effects of 
such a high-energy particle cannot be described in terms of the formation of a compound nucleus 
as is formed with particles of low energy. 

(ii) The effect of a high-energy particle depends on the trajectory. If it passes near the edge 
of a nucleus, the particle can emerge having made only a single collision and having lost only 
about 25 Mev. of its energy to the target. The projectile may, of course, have changed from 
a proton to a neutron or vice versa in the process. If the projectile hits the centre—a head-on 
collision—multiple collisions can occur within the nucleus, which can then receive up to the full 
energy of the projectile in excitation energy. 

(iii) Considering, now, the struck particle, this has a much lower energy than the projectile— 
hence a much shorter mean free path in nuclear matter. The struck particle can hence take two 
courses: (a) It escapes from the nucleus without further collisions only if it is near the edge 
and if it is heading outwards; the struck particle then emerges with 15—20 Mev. energy. 
(b) It collides with particles in the nucleus, distributing its energy among them, and subsequent 
events are then similar to the compound nucleus of the Bohr—Wheeler theory—the nuclear 
excitation is dissipated by successive boiling off of particles, each with a few Mev. energy. 

(iv) The effects of a deuteron or a-particle bombardment are in effect, those of simultaneous 
bombardment by individual nucleons comprising the deuteron or a-particle, since the binding 


energy of nucleons within them affects mainly the spatial correlation between them. 


(v) With deuterons a special case arises, which was first recognised from the production of 
a narrow band of high-energy neutrons in deuteron bombardment. This was explained 
(Serber, ibid., 1947, '72, 1009) by the proton of the deuteron striking the edge of the target 
nucleus and being stripped off, while the neutron proceeds on its way. An equal number of 
high-energy protons must be, and indeed are, similarly produced by stopping of the neutron. 
Absorption of the entire deuteron by a nucleus is-of course possible with a much 
lower probability, when the full energy is available for nuclear excitation. 

The theory thus gives an explanation for the wide distribution of products from high-energy 
bombardments resulting from the wide distribution of excitation energies of the struck nucleus. 
It also explains the loss of a smail number of particles as well as the loss of many. Because 
of the several methods of excitation and the increasing transparency of the nucleus at higher 
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energies, the excitation or yield function for a given product is different from that in the Bohr- 
Wheeler case. Since the probability of leaving a given excitation energy is determined only 
by the mean free path of the projectile, which varies slowly with the energy of the incident 
particle, the excitation curve varies only slowly at high energies. 

The quantitative measurement of the products from reactions of high-energy particles is a 
problem similar to that encountered in the study of fission products, and requires chemical 
separations of very many elements from each other, in addition to accurate measurements of 
radioactivity. Product isotopes have been found extending over an atomic number range of 
15 or so, and mass number range of 20—30. The difficulty of radioactive measurement is, 
moreover, increased by the formation of many neutron-deficient isotopes where the 
disintegration schemes and counting efficiencies are often obscure. With 400-Mev. «-particles 
on copper, for example, radioactive isotopes down to the 37-minute Cl are formed. Since 
the precise manner of formation of a particular product is difficult to determine, the convention 
of writing reactions as ™Cu (a, 6z, 18a)*'Mn has been adopted, where z and a are the loss in 
charge and in mass units respectively. The distribution of reaction products of high-energy 
deuterons with targets so far studied can be explained by the processes outlined by Serber’s 
theory; 1.¢., (a) in elastic collisions exciting the target nucleus to the extent of about 25 Mev., 
(ii) complete absorption of ‘‘stripped”’ protons or neutrons exciting the nucleus by about 
100 Mev., (iii) formation of a compound nucleus by a complete deuteron with about 190-Mev. 
excitation energy, which can then boil off large numbers of light particles. The bombardment 
of copper with 190-Mev. deuterons is an example. The maximum yields of products are at 
masses 60 and 62, about three nucleons less than the target *Cu and “Cu. The radioactive 
isotopes here are thus produced by the inelastic scattering type of excitation. From 10 to 
15 mass units below the target no significant decrease in yield is observed, and a possible second 
maximum is found at mass 51—53 representing about 12 nucleons from the target. Such 
isotopes are almost certainly formed by evaporation from a compound nucleus formed with 
about 100-Mev. excitation energy formed by absorption of a single proton or neutron. After 
about 15 mass units below the target, a sharp drop in the yield of activities occurs, and continues 
to fall until at about 30 mass units from the target, the yield is only about one-hundredth of 
that at 15 units below. The absorption of the complete deuteron leading to a compound 
nucleus with the full excitation energy, and therefore capable of evaporating large numbers of 
particles, is the most probable explanation of this observation. This contention is supported 
by the fact that bombardment of copper to 190-Mev. deuterons and 190-Mev. «a-particles 
gives the same yield of *Cl, whereas with 380-Mev. «a-particles, the yield is higher by a 
factor of 6. 

The same general features have been observed in other cases—about 80% of reactions 
leading to products within a few mass units of the target, followed by comparatively high yields 
to about 15 mass units from the target, then a very rapid decrease in yield. The mechanisms 
of emission of particles are not explicitly understood. With increasing mass of the target 
nucleus, the neutron to proton ratio, of course, increases, and the increasing yields of neutron- 
deficient isotopes when the heavier elements are bombarded can be explained by primary 
emission of neutrons. The emission of charged particles from heavier nuclei, is, naturally, less 
probable than with lighter nuclei because of the charge and potential barrier. Emission of 
a-particles rather than neutrons plus protons is energetically more economical because of the 
binding energy of the «-particle; a-particle emission increases the neutron to proton ratio of 
the products, and may account for the increased yields of neutron-excess isotopes in the 
reactions with elements of lower atomic number. That a-particle emission is an important 
mode of energy dissipation, possibly through chains of short-lived «-particle emitters following 
the primary emission of neutrons from the target, is shown by the formation of ™At in the 
bombardment of uranium with deuterons of energy as low as 50 Mev. ;. the formation of astatine 
is possible in no other way. The formation of ‘‘shielded” radioactive isotopes is a further 
indication of a-particle emission. It may prove possible to detect short-lived a«-particle 
emitters of elements in the middle of the Periodic System, although competition from orbital- 
electron capture may be severe; an a-particle-emitting gold isotope has been recently observed 
by S. Thompson in the bombardment, of gold with 190-Mev. deuterons, and many other such 
isotopes may be found. 

Summarising, therefore—the main mechanisms of particle emission are (a) emission of 
neutrons with subsequent decay of the primary product nucleus by particle emission or by 
orbital electron capture or positron-emitter chains, (b) less probable, except possibly in the 
lighter elements, direct emission of charged particles. 
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The multiple emission of neutrons as a first step in the reaction of high-energy particles is 
also an essential feature of the fission of bismuth and other elements with high-energy particles. 
The results obtained by Goeckmann and Perlman (loc. cit.) are consistent with emission of 
neutrons until a nucleus is formed where the Bohr—Wheeler parameter Z*/A is comparable to that 
of **U. For **Bi with deuterons such a nucleus would be Po. Fission appears to be 
entirely symmetrical, and the primary fission products formed have a neutron to proton ratio 
which is constant, and equal to that of the fissioning nucleus, %* Po. The fissioning nucleus, is, 
in spite of prior loss of neutrons, in an energy state far more excited than the compound nuclei 
formed in thermal neutron fission, ¢.g., of **U, and hence splits exceedingly rapidly before 
re-arrangement to the most energetically favoured distribution of nucleons can occur; fission 
thus is symmetric with a constant neutron to proton ratio of the products. 


UNIVERSITY OF CALIFORNIA, BERKELEY, CALIFORNIA. [Read, March 30th, 1949.] 





S79. Techniques in Radiochemical Assay with Geiger—Miiller 
Counters. 


By G. B. Cook and J. F. Duncan. 


Some of the errors possible in measuring f-active material with Geiger—Miiller counters are 
discussed, Emphasis has been laid on aspects not fully considered elsewhere, such as errors due 
4. bad sample mounting; errors in liquid-immersion counting and in flow counters are also 

iscussed. 


THE general operation and use of Geiger—Miiller counters has been given elsewhere (e.g., Maddock, 
Analyst, 1948, 78, 644; Kohman, Analyt. Chem., 1949, 21, 352), and in the present paper 
familiarity with a Geiger assembly will be assumed. Many workers concerned with the use of 
active material as tracers will be interested mainly in comparative measurements. In such 
cases the greater number of the errors mentioned below are small provided that measurements 
are made under strictly comparable conditions, namely, when such factors as the counter 
characteristics, the geometry of the system, the source mounting, the distribution of the source 
on the mounting, the weight of the source, and the proximity of other scattering material are 
maintained constant. The magnitude of the errors from some of these causes will be considered. 

(1) Errors Common to All Geiger Counters.—Even if all associated electronic apparatus is in 
working order, errors may arise from causes inherent in the method. 

(i) Statistical considerations. Radioactive disintegrations are purely random in occurrence, 
and follow a Poisson distribution common to all random rare events (Udny, Yule and Kendall, 
“An Introduction to the Theory of Statistics,’’ Griffin, 1947), One of the properties of a 
Poisson distribution is that the standard deviation (a) is equal to the square-root of the arithmetic 
mean. of the number of events. In radiochemical work it is customary to estimate the error in 
a given observation by taking the square-root of the total number of counts obtained. Thus 
the accuracy of an observation of, say, 2000 counts is usually written as 2000 + 44-7. It is 
important to appreciate that the standard deviation (44-7) obtained in this way is not an error. 
By statistical theory it is that value of the deviation inside which there is about a 2 to 1 (68-27%) 
chance of the true result being found. There is also a 19 to 1 (95-45%) chance of the true 
result being within 2¢ of the observed value. Thus, in the example given, there is about a 
2 to 1 chance of the result being between 2044-7 and 1953-3 (i.e., within 2.23%) and a 19 to 1 
chance of the true result being between 2089 and 1911 (i.e., within 4-47%). In order to maintain 
a reasonable (19 to 1) chance of obtaining a result within + 5% of the mean value it is necessary 
to make at least 2000 counts. Increasing the number of counts will correspondingly increase 
the accuracy of the measurement, and it is therefore important either to use a high counting 
rate or to count for long periods. In many counting experiments it is necessary to subtract the 
natural background (m) from the total number of counts (N). The standard deviation of the 
result is then og = (N + n)"*. For example: 


Count in Standard 

time, ¢. deviation, ¢. 1000/count. 
(a) Source and background ............scsseeceeeeeees 225 15 6°65 
COP COND bei cet ivcta vectvncsossocisesooscscoseseese 64 8 12-50 
(c) Activity of source (by diff.) ..............eeeeee 289} 


4h Deeks CEG OMB OD. ooncssclcscccocescsosecercctsie 289 17 10-55 
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The standard deviation of the activity (161 counts) is 10-55% compared with 6-65% obtained 
for the standard deviation of the measurement of source and background together. From this 
it is clear that accuracy is increased by (a) reducing the uncertainty in the background by 
counting over a prolonged period and (b) reducing the background counting rate as far as 
possible (e.g., by avoiding contamination, stray radiation, etc., and by keeping the counter in a 
lead castle to cut out almost all stray radiation except cosmic rays). 

(ii) Pavalysis time. The shape of the pulse from the anode of a counter is as shown in Fig. 1. 
After the sharp initial rise in potential (of the order of 1 volt) there is a more gradual fall as the 
positive ions liberated in the discharge diffuse towards the cathode (much more slowly than the 
electrons travel to the anode); simultaneously the potential of the central wire returns to its 
initial value. When the positive ions have migrated sufficiently from the anode for the field 
to be more or less restored to its initial state, a second discharge may occur even though the first 
pulse has not completely decayed. The time necessary for full recovery of the counter is called 
the recovery time. Ifa second pulse is obtained, within the recovery time, it will not be of full 
pulse height (as has been shown by Stever, Physical Rev., 1942, 61, 40), and will be counted only 
if the pulse potential is sufficiently high to operate the auxiliary electronic equipment. The 
time required for this, called the paralysis time of the circuit, determines the rate at which counts 
can be observed without appreciable loss. The paralysis time may be reduced by adjustment 
of the sensitivity of the associated scaling unit and preamplifier or by reducing the dead time 
of the counter (the time after commencement of a pulse during which an ionising event is 
undetected by the counter). The dead time may be kept small by preventing the formation of 
secondary electrons either by external resistance quenching or by introducing into the counter 
gas an organic molecule such as alcohol (see Korff, “‘ Electrical and Nuclear Counters,”’ Van 
Nostrand, 1946). The paralysis time of a counting assembly, usually of the order of a few 
hundred microseconds, sets a practical limit to the maximum counting rate possible without the 
necessity of very large corrections. 
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Several authors have suggested corrections for losses at high counting rates, occasioned by 
two pulses arriving within the paralysis time. If the paralysis time is the same for every pulse 
recorded, the counting rate m, is related to the observed counting rate m, by the relation 


Sele). « + «© 2 oe ee os &@ 


where r is the paralysis time. Equation (1) holds for Geiger counters operated with a fixed 
paralysis time preset electronically. For counters which can be re-excited during their period 
of recovery by unrecorded ionising events, the equation 


Ny => nge-"o" _ . . . . + . . . . (2) 


has been shown to hold. Other equations have been given for operation under different 
conditions, but in general, for slow counting rates, these equations degenerate to equation (1), 
which may be used up to about 5000 counts per minute with fair accuracy (see Lifschutz and 
Duffendack, Physical Rev., 1938, 54, 714; Schiff, ibid., 1936, 50, 88; Kurbatov and Mann, ibid., 
1945, 68, 40; Beers, Rev. Sci. Instr., 1942, 18, 72). 

Unless the auxiliary electronic circuit is set to have a paralysis time greater than the sum 
of the recovery time and dead time of the counter, the paralysis time of the counting assembly 
will to some extent be dependent on the counting rate. Although in some arrangements the 
paralysis time of a circuit may be set to a known value electronically, it is better to determine it 


* This diagram is based upon Fig. 3 of Stever, Physical Rev. 1942, 61, 40. 
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accurately by some suitable experimental method (see Kamen, “ Radioactive Tracers in 
Biology,”” Academic Press Inc., 1947). The magnitude of the paralysis-time correction is 
small for counting rates below 2000/minute, but increases rapidly for faster counting rates; 
e.g., for counting rates of 1000, 5000, and 10,000 and a preset paralysis time of 300 microseconds, 
the corrections are respectively about 0-5%, 2-7%, and 8%. 

(iti) Spurious counts. A large number of factors may result in erratic behaviour such as an 
ionising event being recorded as more than one count. The associated electronic equipment 
may well produce erroneous results of such a nature, and in this connection reference should be 
made to a full discussion of the errors caused by faults in scaling units, power packs, etc. (see, 
e.g., Lewis, “‘ Electronic Counting,’’ Cambridge, 1942; Korff, op. cit.). 

The most likely cause of spurious counts from the counter itself is the decomposition of the 
organic vapour used for quenching the discharge. Most counters have a lifetime of the order of 
10° counts, after which they begin first to give multiple counts (owing to incomplete quenching 
of the discharge), then a continuous discharge, and finally they cease to function altogether. 
The efficiency of a counter can often be restored by refilling with a mixture of alcohol (1 cm. 
pressure) and argon (9 cm. pressure). Application of a negative polarity to the central electrode 
instead of the normal nositive polarity also destroys the alcohol filling and renders the counter 
useless. After application of the wrong polarity, recovery sometimes occurs if the counter is 
left idle for about a week, but it is usually necessary to refill it. 

Some counters are photosensitive, electrons being emitted by the gas, or from the electrodes. 
If made of glass, the counter can be covered externally with a thin film of opaque wax. 
Sometimes this is not possible, and the counter must be kept in a light-proof lead castle, as, for 
instance, if it has a very thin mica window. Changes in counting rate are also obtained with 
small temperature variations. The cause is not thoroughly understood, although it has been 
suggested (Korff, Spatz, and Hilberry, Rev. Sci. Instr., 1942, 18, 127) that it is due to desorption 
of the alcohol-quenching agent from the walls of the counter. Counters and lead castles should, 
therefore, never be placed in direct sunlight or overheated parts of the laboratory. In order to 
overcome errors due to these effects it is customary to check the efficiency of the counter by 
measuring a standard source of constant activity every time measurements are made. The 
following sources form convenient standards : UX, (natural uranium), Ra-D and -E, and ®Co. 

Electrical disturbances, such as the use of Tesla coils in close proximity to the counter, result 
in bursts of counts, which may also be caused by bad electrical connections. 

(2) Errors Arising in the Measurement of 8-Particles from Solids—Even in the simple case 
of a comparison of the 6-activity of two solids containing the same radioactive isotope using an 
end-windowed Geiger counter in a conventional lead housing, a number of additional errors 
must be also considered. By maintaining the same arrangement for the sample and counter 
in all cases, errors due to such factors as scattering from the surroundings and absorption in the 
counter window are eliminated. However, even under these conditions, at least four variables ° 
must be considered, namely, (a) back-scattering, (b) size of sample, (c) reproducibility of 
positioning, and (d) self-absorption. 

(a) Back-scattering. When a §-active sample is mounted on, say, a flat stainless-steel 
support and placed under a Geiger counter, those 8-particles emitted in a direction away from 
the counter enter the support, where they are scattered and absorbed. Many are deflected 
through large angles, and some leave the support in the direction of the counter, with sufficient 
energy to reach it. Thus the recorded 6-activity will be greater, owing to the back-scattering 
in this case, than if the backing were absent. 

Yaffe et al. (this vol., p. S 341) have systematically investigated the conditions affecting back- 
scattering, and has shown that the amount of back-scatter depends on the thickness and atomic 
number of the mount, and on the energy of the $-particles. As the thickness of backing is 
increased from zero, the amount of back-scatter for a given maximum f-energy increases to a 
constant value at approximately 4 of the range of the $-particles in the mount. The minimum 
thickness for constant back-scattering is to a first approximation independent of the atomic 
number of the support, but the percentage increase in recorded $-activity, from the value for 
zero weight of support, does depend on the atomic number. 

To reduce errors from this cause in comparative measurements, it is best always to use the 
same type of support, preferably thick enough for saturation back-scatter; where this is not 
possible an experimentally determined correction factor must be applied. The back-scatter 
correction depends on the geometry of the system (Yankwich and Weigl, Science, 1948, 107, 651). 

(b) Effect of source sizes. In Fig. 2, if one considers a point source (P) of B-activity on the 
axis of a bell-type Geiger counter, then the angle subtended by the counter window at P is 








| 
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larger than that subtended at a point (P’) displaced at a distance / from the axis, but at the 
same distance h from the counter window of radius r. Consequently, the observed $-count will 
be larger in the first case. Since, in practice, samples can rarely be regarded as point sources, 
the efficiency of measurement will vary with sample dimensions. An estimate of the magnitude 
of the effect may be obtained from Putman’s work (Brit. J. Radiol., 1947, 20, 190), where 


figures are given of:the activity observed from a point source at various distances from the 
counter window and for different displacements from the axis. 
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Angle subtended at a point source displaced from the axis of the counter. 


Fig. 3, calculated from Putman’s results, shows the activity observed from a source at a 
point P’ expressed as a percentage of the count obtained when the source is at P, for different 
distances from the counter. These curves are a direct measure of the percentage error obtained 
when a source is mounted in such a way that it is deposited entirely round the rim of a circular 
mounting tray. In practice, this seldom happens, but it is very easy for active material to 
spread non-uniformly on the mount with a predominance round the edge, particularly if the 
mounting-tray has any kind of lip. It will be seen that the errors from this cause may be quite 
serious if a large tray is used. Putman’s data are available for distances only up to 1 cm. from 
the window, but it is possible to estimate geometrically the error involved for other distances. 
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To do this on a three-dimensional model involves an elliptical integral of the third degree. The 


magnitude of the variation to be expected, however, can be roughly estimated on a two- 
dimensional model.* Thus, in Fig. 2 we have: 


Angle subtended by the window at the point P 

2h/r 
(aj? — 1 . . . . . . . . (3) 
and the angle subtended by the window at the point P’ 


= tan 


= tan“ (y — D/h + tan (y + D/h 
2h/r 
Weeesee ee (4) 


By inserting values of h/r and //r into equations (3) and (4) the percentage difference in the 
angles subtended at P and P’ may be determined. Fig. 4 shows the angle subtended at P’ 
expressed as a percentage of that subtended at P and is plotted against //r for different values 
of h/y. The form of the curves is very similar to that obtained experimentally (see Fig. 3) and 
it will be seen that for low values of //r the error is smallest when the source is close to, or very 
far away from, the window. In practice it is best to keep the source diameter below half the 
diameter of the window (since errors get very large towards the extremities) and to present it as 
close as possible to the counter window. If it is not possible to place the source very near the 
window, then errors will be reduced by keeping it well away, although the source has to be 
considerably more active to maintain good statistical accuracy. In between these two extremes, 


there is a position of maximum error, which can be shown to obtain when the angle subtended 
by the window at the point P’ is a right angle. 


= tan™ 
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The decreases in counting rate obtained when the activity is uniformly spread over a circular 
area are not so great as those obtained with sources concentrated at the edges. The errors have 
been estimated from Putman’s experimental results by the following expression : 


i= (Percentage activity of point source 
Observed activity of a uniform circular source of radius /, RI ( ata p> arn 1) 7 On . 
expressed as a percentage of the activity observed if all the Tai 
source were concentrated on the axis of the counter = ail 
1=0 


* Added in proof. The three-dimensional calculation has now been made. The results are similar, 
but the durations are larger. 
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Fig. 5 shows this quantity calculated for intervals in / of 0-5 mm. and different source diameters. 
It will be seen that when the source size is greater than three-quarters of the diameter of the 
counter window, reduced counting rates of the order of 10% or more can occur. 
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Percentage errors for uniformly distributed circular sources. 


(c) Reproducibility of positioning. Reproducibility of positioning of a source is very 
important when working very close to the counter window. From Putman’s results it can be 
shown that lowering a point source on the axis from 2 mm. to 2} mm. from the window may 
cause a difference in count of 4% for a counter window about 22 mm. in diameter. Poor 
reproducibility of positioning may be reduced by good mechanical design of the supporting 
structure. To test the accuracy of positioning, the following experiment may be carried out. 
Place a sample of constant activity in position and take counts of one minute duration at least 
30 times without moving the sample in any way, and confirm that the variations in observed 
activity are within the expected statistical limits. (If variations which cannot be accounted 
for statistically are observed, the counter assembly may not be in working order.) Now repeat 
the series, withdrawing and replacing the sample after each one-minute count and again ascertain 
whether the deviations are in accordance with statistical theory. Ifso, then the reproducibility 
of positioning is probably satisfactory. 

(d) Thick samples. When the thickness of the sample itself is great enough to absorb an 
appreciable fraction of its own §-particles, a “ self-absorption” correction must be applied. 
The determination of this factor has been described elsewhere (see, ¢.g., Libby, Analyt. Chem., 
1947, 19, 2; Yankwich, Norris, and Huston, ibid., p. 439; Solomon, Gould, and Anfinsen, 
Physical Rev., 1947, 72, 1097). 

In practical cases, self-absorption curves should always be determined under identical 
conditions with those under which samples are measured. Since the degree of back-scattering 
varies with the geometry of the counting arrangement, and is appreciably affected by changes 
in the average atomic number of the carrier and mount, extrapolation of self-absorption curves to 
zero weight (for example from a graph obtained by plotting the observed activity against the 
thickness of the source) should only be undertaken with the greatest caution. Back-scattering 
may produce a maximum in the apparent specific activity at a point about 5% of the range of 
the $-particles in the carrier, owing to non-attainment of saturation back-scatter. As the 
thickness of carrier is increased, the apparent specific activity rises owing to the increased 
counts caused by the increasing back-scatter (Glendenin, quoted by Solomon, Gould, and 
Anfinsen, Joc. cit.). 

Another correction for self-absorption introduced by Reid (‘‘ The Preparation and Measure- 
ment of Isotopic Tracers,” Edward Bros., Ann Arbor, Mich., 1946) takes account of the oblique 
travel of some of the #-particles through the thickness of the sample, thus increasing the 
apparent absorbing path. However, Yankwich, Norris, and Huston (loc. cit.) were unable to 
support this experimentally, and it may be that oblique travel of 8-particles through an absorber 
is to some extent included in an assumption of the experimentally observed exponential 
absorption in such cases. 

(e) External absorption. The experimental determination of the absorption curve of 
8-particles and the extrapolation to determine the effect of the window thickness is a common 
procedure. We will only comment on one factor that may affect results when working with 
very soft 8-particles (e.g.,*C and **S). Assuming that a sample of *S is placed 1 cm. from the 
window of the counter, then a variation in atmospheric pressure of 730 to 770 mm., a 
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temperature variation of 10° to 25° and a relative humidity varying from 30 to 80% could cause 
differences in count of about 4% owing to variations of 6-absorption entirely caused by the 
change of density of the air. This is simply overcome by always placing sources of soft 
-emitters as close as possible to the window. When this is not possible a standard source, 
whose f-energy and spectrum are as close to that of the sample as possible, should be used to 
check reproducibility of counting. It is good practice to do this as a routine with emitters of 
any energy, since scattering losses, etc., are also dependent on the energy of the $-particle. 

(3) Errors arising in the Measurement of 8-Particles from Liquids.—In estimating the 
radioactive content of liquids, absorption losses are very high. The contribution of most 
-emitters below a depth of liquid of a few mm. is very small, and an infinitely thick layer may 
be assumed when the thickness equals the range of the 8-particles. For the more penetrating 
y-emitters, however, several metres of liquid may be necessary for this condition to obtain in 
practice. 

Three methods of measuring the radioactive content of liquids will be considered and 
attention will be confined to aqueous solutions only; the conclusions are similar for organic 
solvents except that the depth of liquid required for a saturation counting rate depends on the 
density, but if the liquid depths are measured in mg./cm.* the quantitative results are 
independent of the solvent to a first approximation. 

(i) Surface counting of liquids. Probably the simplest means of “ counting ”’ liquids is to 
present the window of a bell-type Geiger counter to the surface. The problems of counting are 
then very similar to those obtaining for solids. Although it is desirable to use a thin layer of 
liquid, it is usually not possible to measure the depth accurately enough for allowance to be 
made for absorption losses, which are usually serious. Since the observed activity is greatest 
when the liquid can be regarded as infinitely thick, and in tracer experiments liquids are seldom 
of sufficient radioactive content to give a count greater than the maximum which the counter 
will accommodate, “‘ infinitely-thick ” layers are normally used. The depth necessary may be 
estimated from the range of the 8-particle; for 6-energies of less than 2-5 Mev., it is not necessary 
to use more than 10 mm. depth of liquid. 
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(a) (b) (Cc) 
Three different techniques for measuring the radioactive content of liquids. 


Errors due to scattering from the walls of vessels, etc., may be reduced by using containers 
of diameter several times greater than that of the counter window. This, however, is not 
always convenient, and if a smaller vessel is used it should be filled as completely as possible, to 
reduce scattering on the protruding walls. If the experimental arrangement is such that the 
source is not infinitely thick for the B-energy used, it is essential that the liquid should always 
be of the same depth and of the same distance from the counter window. 

Losses due to evaporation of solvent, and adsorption of radio-isotopes on the walls of the 
vessel or on precipitates, may be serious, and care should be taken to ensure that the activity is 
homogeneously distributed throughout the liquid. 

(ii) Immersion counters. Counters are available which can be immersed directly into a 
radioactive liquid, and three different ways in which this can be done are shown in Fig. 6. In 
methods (b) (Veall, Brit. J. Radiol., 1948, 21, 1347) and (c) the thickness of liquid round the 
counter is constant, but in (a) the counter may be placed either in a large boiling-tube of 
convenient size, or in a vessel large enough to enable counting to take place to infinite thickness. 
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Consider a thin concentric shell of liquid of thickness $x and length / at a distance x from a 
cylindrical counter of radiusr (as shown in Fig.7). Provided that x is more than two or three times 
the mean free path of a 6-particle in the liquid, the absorption losses in the annular space may 
be approximately determined by applying the exponential absorption law. It is probable that 
this assumption is only approximate because of the cylindrical nature of the source and counter, 
and it is appreciated that a number of other factors should be introduced for a rigid treatment. 
Nevertheless, the expression derived below describes the behaviour of such counters with 
8-particles fairly reliably, although counter end effects, back-scattering, etc., are neglected. 
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Use of a liquid source. 
Applying the exponential absorption law, the observed activity (8A) due to the concentric 
shell is given by 
8A = a(x + r)\IAye- 8x 


where A, is the number of disintegrations occurring per ml. per unit time. The observed activity 
A’ due to liquid of thickness d round the counter is then 
d 
A’= ) a(x + r)lA,e-* dx 
0 


- da 
- [- wide oe (1 + px) — mel 











pe B 
= mlrA, (1 — enw 4 a — pde-#4 — ens) ae 


From equation (5) it will be seen that the observed activity increases as an exponential function 
of the thickness of liquid. Fig. 8 shows some experimental curves by Walton and Thom 
(private communication) for five B-emitters in which A’/A, is plotted against d. If d becomes 
infinite, then 


A's 


mlrAglp + mIAg/p? 
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Hence it will be seen that if A’../A (1 + 1/pr) is plotted against the absorption half-thickness 
a, = 0-693/u (determined from the initial portion of a semi-logarithmic absorption plot), a 
straight line will be obtained as shown in Fig. 9; this was calculated from the values given by 
Walton and Thom for A’./A,, which had been corrected for the absorption of §-particles by 
the counter window and, in the case of 1*4I and “Pr, for the small contributions of the 
y-activities of these two emitters. The experimentally observed value of A’/A, at infinite 
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thickness for ™Pr given by Walton and Thom was 5-70. Since the measurements of half- 
thicknesses depend on experimental conditions, they cannot be regarded as a reliable index of 
the B-energies, but within the limits of error Fig. 9 is in accordance with equation (5). 
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Plot of A’ ,/Ag(I+1/pr) against dj. 
For $-emitters of low energy, yu is very large, and equation (6) becomes 
5 A’e = mivAy|p = alvAy x dy/0-693. 


Hence the plot of A’../Ag is linear with respect to dy, as has been shown by Walton and Thom. 

Most types of liquid immersion counters have fixed jackets to contain the liquid, and the 
volume of liquid assayed is therefore constant. Provided that measurements are made on one 
emitter only, the ratio of the counts obtained will be a direct measure of the ratio of the 
concentrations of radio-tracer, and fortunately the majority of measurements are of this nature. 
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Precautions should be taken, however, to ensure that the densities of compared liquids are not 
widely different, as absorption losses will not otherwise be comparable. 

If it is desired to compare the activities of solutions of two different emitters, corrections 
must be applied for the different absorption coefficients by use of equation (5). Since this is 
only an approximate equation, the corrections are not very accurate, and in such cases, or 
whenever absolute measurements of activity are being made, the use of immersion counters is 
not recommended. 

Liquid immersion counters may be made either of glass or of metal. If made of metal, it is 
desirable for the counter to have a thin window, usually made of aluminium. A thickness of 
less than 20 mg./cm.? is seldom practicable because of the hydrostatic pressure exerted by the 
liquid. Most commercial glass immersion counters have a window thickness of about 35 
mg./cm.*, which is satisfactory for all except the softest 8-emitters. For 6-particles of less than 
about 0-6 Mev. maximum energy, at least 75% of the activity is absorbed by the counter window. 
In addition, absorption of 8-particles of such low energy in the liquid surrounding the counter 
is great enough for a depth of 2 mm. of water to be regarded as of infinite thickness, so that 
only very small counting rates are obtained unless the specific activity is extremely high. 
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Three techniques for measuring the radioactive content of flowing liquids. 


Two essentially practical points must be mentioned, both designed to ensure that strictly 
comparable conditions are used when two different activities are measured. The first is that 
any liquid jacket round the counter must be rigidly fixed, so that the thickness of liquid counted 
is always the same, particularly if an infinitely thick source is not used. Secondly, it is essential 
in all experiments in which counting rates are compared that the counter be immersed to the 
same depth in the liquid. 

(iii) Flow counters. For some purposes it is convenient to measure continuously the radio- 
activity content of a flowing liquid. Three possible techniques are shown in Fig. 10. Method 
(a) is for measuring soft B-emitters. The channel ($ mm. deep) cut in a block of “‘ Perspex ”’ is 
sealed over with a thin sheet of “‘ Distrene”’ of 2 mg./cm.* thickness by means of a suitable 
cement. This method also has the advantage that a standard bell-jar type of counter can be 
presented to the surface of the “‘ Distrene ’’ window. The other two techniques require special 
counters. The counter shown in (b) is simply made of metal, but is not so efficient as that 
shown in (c), which is made of glass and allows the liquid to pass through the sensitive volume 
of the counter. 

The dimensions of the counter shown in (c) depend on the type of radiation to be measured. 
For 8-emitters of energy greater than about 1 Mev. counters are available in which the spiral is 
1 mm. in diameter, with liquid capacity 0-3 ml. With y-emitters, larger diameters and capacities 
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may be used. During operation, the accumulation of charge arising by collision of gaseous ions 
with the non-conducting spiral, in the active space of the counter, may cause erratic behaviour. 
This is overcome by deposition on the spiral of “‘ Aquadag” or colloidal graphite, so as to 
remove the charge as it is formed. 

Flow counters are often used for determining the changes in radioactivity of an eluate 
from an experiment in which flowing liquids are used. If such changes are to be measured 
accurately, mixing of the liquid by turbulent flow, etc., should be avoided. Similarly the flow 
rate should not be slow enough for the concentration gradients to be disturbed by diffusion of 
ions in solution. The ideal conditions can be best estimated by a few trial displacements of an 
inactive by an active solution (and vice versa) in such a way that a sharp boundary exists between 
the two. 

If the flow rate is large enough for the volume of the counter to be small compared with the 
volume passed through the counter during the time of measurement of the count, then provided 
the radioactivity does not vary sharply, the observed activity will be the mean activity for the 
volume passed during the time of measurement. Errors are, however, introduced because the 
counter has a finite volume if the flow rate becomes so slow that a volume comparable with the 
capacity of the counter is passed during the time of measurement, or if there are discontinuities 
in the volume distribution of the radioactivity. 

Consider Fig. 11 where AB represents the capacity of the counter and the curve (CED) 
represents the activity (A) per unit volume at different volumes of solution, given by A = f(v). 
Now, at any instant, the activity measured is equal to 


4). a0 a 6 ater ge ae 


— te 





Radiochemical Assay with Geiger—Miiller Counters. S 379 


where v is the volume of liquid which has passed through the counter at the mid-point in time 
of the observation, and v, is the capacity of the counter. If the flow rate is small enough to 
assume that the total radioactivity in the counter volume is constant during the time of 
measurement, expression (7) is the same as the observed count. The true activity at a volume 
v is given by the mid-point E, and is equal to v, .f(v). The difference between the observed 
and the true counting rate is zero only when there is a linear variation in activity with volume. 
In other cases, the error obtained may be estimated if some reasonable assumption can be made 
as to the form of f(v), ¢.g., that it is parabolic, or that it is to a first approximation the same as 
the observed activity—volume plot. 
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Distribution of activity in a flow counter. 


If the flow rate is not negligible during the time of counting, it is necessary to integrate the 
count over the volume passed (v, to v,) and compare it with the true count obtained at the 
mid-point of the volume measured, viz., v, . f(v)j,+,. The difference may again be 
estimated if the function f(v) is known or may be assumed. 

Care should be taken in the use of flow counters when determining the shapes of sharp 
boundaries formed by replacement of an inactive by an active solution. Thus in Fig. 12 if the 
ideal boundary is represented by ABCD, then the observed boundary will be linear and given 
by AD. In practice, however, boundaries are seldom strictly linear, but distorted at the edges 
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by diffusion of the ions across the interface, and have a form such as EFGH J. If, however, the 
tangent at the point of inflexion of such an observed boundary is drawn, and this cuts the 
abscissa at a volume difference equal to 4v, from the abscissa at the point of inflexion, then the 
shape of the true boundary may be estimated to a first approximation. For a given activity at 
a point P on a sharp boundary ABCD, the observed point would be P’. The difference PP’ is 
therefore a measure of the distortion of a sharp boundary. Now the observed boundary 
EFGH]J cannot be obtained from a truly sharp boundary such as ABCD, and therefore the 
distortion of the boundary will not necessarily be the same. To a first approximation, however, 
it will be of the same order, and an approximate correction for the observed boundary may be 
obtained by subtracting the distance PP’ from FP to give the point F’, which will be a point 
on a curve EF’GH’J approximating to the true boundary, which may be constructed. 
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Such a correction is only approximate and should be applied only when the tangent at the 
observed boundary cuts the volume axis at a distance approximating to 4v, from the volume 
at the point of inflexion. If this is not obtained, or if the boundaries approximate to forms which 
may be expressed mathematically, corrections may be applied by means discussed elsewhere. 

(iv) Errors arising in the Measurement of 8-Particles from Gases.—If a gas emits an energetic 
B-particle, a vessel containing the gas may be directly presented to the counter. In this case 
the errors are very similar to those obtained in solid counting, viz., external absorption, finite 
source size, etc. 

In a more usual method the gas is introduced into the sensitive space of a counter, and in the 
case of the ®-emitters of low energy this is the most reliable technique. When the gas is 
introduced into the counter, it is essential to be sure of the constancy of composition of the 
gaseous mixture used to operate the counter (usually the standard argon-alcohol filling). 
Similarly, the pressure should not be varied in comparative measurements since this alters the 
amount of activity introduced into the counter. Increase of pressure also increases the threshold 
voltage of the Geiger plateau, although this error is relatively small unless the pressure is altered 
greatly. The counter should not contain water vapour as otherwise the dead time will be 
increased, owing to the formation of positive ions (Korff, op. cit.), and considerable leakage of 
charge may occur (Kamen, op. cit.). If the determination of the absolute 6-disintegration rate 
of a gas is necessary, the amount of radioactive gas actually measured must be found by 
estimation of the cathode volume of the counter, either geometrically or by calibration with a 
gas of known activity. 

In comparative measurements, it is necessary to make correction for the paralysis time of 
the assembly. The paralysis time depends on the composition of the gas phase, and should be 
determined experimentally, unless the conditions of measurement are maintained rigidly 
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constant throughout the given series of experiments or the paralysis time of the electronic 
circuit is set longer than any time during which the counter is likely to be inoperative. The 
error from this cause is usually not large for low counting rates (< 2000 counts/min.). 

in gas counting, care should be taken to ensure that the active gas remains in the gas phase 
and does not deposit active solids or become adsorbed on the walls of the counter. In most 
cases deposition is not serious but is most likely when using radio-isotopes with radioactive 
daughters; to lessen adsorption on the walls, counters should be of smooth finish. 

Gas counting is most often employed for the study of $-emitters of low energy such as *C 
(0-14 Mev.) and *H (16 Kev.), which may be measured as gaseous carbon dioxide and hydrogen, 
respectively. A mixture of alcohol and hydrogen may be used for the determination of tritium, 
but gives poor Geiger plateaux, and it is usually better to convert the tritium into the oxide 
and measure it as *H,O vapour, using a 9: 1 argon—alcohol mixture for preference, and keeping 
the water vapour pressure below 2mm. For “C a mixture of carbon dioxide and disulphide 
forms a satisfactory counting mixture (Brown and Miller, Rev. Sci. Instr., 1947, 18, 496). 

After each measurement of an active gas, the apparatus must be carefully flushed out several 
times with an inactive gas to remove all traces of activity. Owing to adsorption on the walls of 
the counter, gas counters are subject to “‘ memory ” effects, which are more serious for some 
gases than for others. Tritium in particular is held badly on the walls of counters. After 
introduction of the various components into the gas counter, an interval is usually necessary 
before a constant counting rate is obtained. These two difficulties make gas counting tedious. 

Flow gas counters have been used, on occasions, but since the gas is never in equilibrium in 
the counter the meaning of the results is always difficult to interpret. Errors due to the gas 
flow—e.g., turbulent mixing, etc.—also make the results doubtful. 


Acknowledgment is made to Mr. A. W. Kenny, Mr. J. L. Putman, and Mr. G. Walton for helpful 
discussion. e thank the Director of the Atomic Energy Research Establishment for permission to 
publish this paper. 
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$80. The Use of Radioactive Isotopes in the Study of the 
Diffusion of Ions in Solution. 


By J. S. ANDERSON and K. SapDINGTON. 


A method is described by which the “ self-diffusion’ coefficient of an ion may be 
determined. It involves the preparation of two solutions which are identical except that in 
one of them the ion is “ labelled * by means of a suitable radioactive tracer atom. A bey voor 
cell is charged with the active solution and immersed in the inactive liquid for a known len 
of time so that normal diffusion can take place. The cell contents are then transferred to a 
suitable tray, evaporated to dryness, and the radioactive content measured in standard 
counting equipment. A reference tray is similarly prepared, a known volume of the active 
solution which has not undergone the diffusion process being used. The activity of this tra 
is measured immediately after that of the So tray, and from the values so obtained, 
that fraction of the original cell content which has passed out of it as a result of diffusion can be 
calculated. Knowing the length of the capillary cell and the time of diffusion, the self-diffusion 
coefficient of the ion may be calculated. Some results obtained on application of the method 
to the system of tungstic acids are described. 


Rates of diffusion of particles in solution, as a means of determining molecular weights, have 
been investigated over a number of years, and have found extensive application in the study 
of high-molecular substances. Such measurements can also be of value in following changes 
of molecular complexity in inorganic systems, if the true diffusion coefficients of ions can be 
evaluated. 

The methods generally employed in diffusion studies have been based on the analytical 
determination of the amount of solute which has passed by diffusion from a concentrated 
solution to a less concentrated solution or to the pure solvent; the use of two liquid layers, 
with a. known concentration gradient between them, is necessary in order to determine the 
movement of the solute. Experimentally, measurements of this type can easily be vitiated 
through hydrodynamic mixing of the solutions, set up by convection, and, although the effect 
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of convection may be avoided by interposing a permeable membrane or a porous diaphragm 
between the solutions, fresh uncertainties as to the true concentration gradient can be 
introduced thereby. A summary of experimental methods for the study of diffusion in solutions 
is given in Jellinek’s ‘‘ Lehrbuch der Physikalische Chemie,” Vol. II, p. 836 (1928), and an 
account of membrane diffusion is to be found in ‘‘ Physico-Chemical Methods,”’ Vol. III, p. 133, 
by Reilly and Rae. 

In applying diffusion measurements to the study of electrolyte solutions, the concentration 
gradient occasions a further difficulty. In the majority of cases, the cation and anion will 
diffuse at different rates. Although this would cause no difficulty in a chemically homogeneous 
system—that is, one in which the solute concentration was the same throughout—a diffusion 
potential will be set up when diffusion takes place across the interface between two solutions 
which differ in concentration. Owing to the mutual effect of the oppositely charged ions, the 
ion which diffuses at the faster rate will be retarded by the slower ion, and vice versa. The 
measured rate of diffusion, therefore, will not be that of either cation or anion independently, 
but will be an average rate of diffusion corresponding to the electrolyte molecule as a whole. 
To overcome this difficulty, Abegg and Bose (Z. physikal. Chem., 1899, 30, 545) recommended 
the addition of a ten-fold excess of a neutral electrolyte, distributed uniformly throughout the 
diffusion system. The diffusing ions are thus enabled to move in all parts of the system in a 
fairly uniform ionic atmosphere, so preserving electro-neutrality throughout the solutions. 
This device was adopted by Jander et al. (ibid., 1930, A, 149, 97: Kolloid-Beih., 1935, 41, 9) 
in their work on the poly-acids. 

The availability of radioactive isotopes now makes it possible to carry out an experiment 
hitherto theoretical in character only, namely, the investigation of self-diffusion in solutions, 
i.e., diffusion under conditions involving no concentration gradient. The electro-striction 
effect is, therefore, automatically eliminated without the necessity of adding to the experimental 
solutions any foreign electrolyte. The use of such radioactive tracers has a further advantage 
from the theoretical standpoint: namely, the greater sensitivity which can be reached in the 
determination of materials by radioactive assay, which makes it possible to extend the 
investigations to solutions more dilute than could be used hitherto, and more nearly approaching, 
therefore, those ideal conditions for which Fick’s diffusion equation (see below) is applicable in 
solutions of electrolytes. 

The object of the present work was to explore the possibilities of using radioactive tracers 
in the study of diffusion processes. Solutions of sodium tungstate were used since the method 
is peculiarly suitable for the study of the reversible processes of aggregation in such solutions, 
where especial interest attaches to the nature of the polyacid anions (or, in other cases, 
polycations) formed as intermediates between the simple ions, such as the WO,*- ions, and the 
colloidal oxides precipitated at the isoelectric point. 


EXPERIMENTAL, 


Technique.—The technique employed is a modification of one used by Dr. H. London (private 
communication) for the measurement of the inter-diffusion coefficient of copper and zinc ions in solutions. 
In experiments under conditions such that a concentration gradient is present, there is also a gradient 
in specific gravity which can be used, as in Jander’s work (/oc. cit.), to suppress convection currents. 
When there is no density gradient, this stabilising effect is absent. This difficulty is overcome in the 
present work by using narrow capillaries as diffusion cells. A very small gradient in specific gravity 
is then sufficient to suppress convection, the small difference in concentrations necessary to obtain such a 
gradient being insufficient to have any appreciable effect on the results. That there is, in fact, no 
significant error due to convection is shown in that the measured diffusion coefficient does not drift with 
increase in the duration of the experiment, as the interface moves down the cell, and as end effects 
become less important. 

The apparatus is shown in Fig. 1. The diffusion cells, approximately 2 cm. long and of 0-8 mm. 
internal diameter, are made of glass capillary tubing of uniform bore. The ends are first ground 
perfectly flat; the diameter of each cell is then determined by a mercury thread, and the length measured 
with a micrometer. A ground-glass cover is then sealed on to the bottom end. The cells can be filled, 
emptied, washed out, etc., by using capillary pipettes operated either by hand or by means of a micro- 
manipulator. The cells, one of which is shown, D, are held in a Perspex carrier C supported in a rubber 
stopper which also carries a thermometer T. The stopper fits into the neck of a 150-ml. beaker B 
which is kept at a constant temperature of 20° + 0-02° in a thermostat for the duration of the iment. 

In carrying out an experiment, B is charged with 100 ml. of inactive solution. The capi cells 
are filled with a second solution—essentially the same as that in B as regards pH, concentration, etc., 
but differing in that in the preparation of this solution a radioactive isotope has been incorporated. 
The carrier C is fixed relative to the rubber per in such a way that the open ends of the cells are 
kept just above the level of the liquid in B for about an hour, in order that thermal equilibrium may be 
attained. The carrier is then gently lowered into the bath solution so as to immerse the cells completely. 
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Diffusion takes place for a known length of time—usually about 3 days. The contents of each cell 
are then transferred to a suitable tray, the cells washed out, and the washings added to the same tray. 
The liquid portion of the tray contents is gently evaporated off, and the radioactive content of the tray 
measured in standard a- or B-counting equipment. 

A reference tray is prepared in the same way, a known volume of the capillary Fie. 1. 
solution being used in which radioactive ee also occurred, but which has 
not been subjected to the diffusion process. e activity of this tray is measured 
in the same equipment, under the same conditions and immediately after the 
experimental tray. From the values obtained for the experimental and reference 
samples it is possible to calculate what fraction of the amount of radioactive 
isotope ‘originally present has been transferred out of the cell as a result of the 
diffusion process. The decrease in radioactivity due to natural decay only is 
automatically corrected for by determining the activity of the reference tray 
immediately after that of the experimental tray. 

. The usual assumption in this type of experiment is made, viz., that, despite 
the slight difference in mass, the tracer atoms behave in precisely the same way 
as the inactive atoms. 

If, therefore, it is found that a fraction (1 — y) of the active isotope originally 
present in the cell diffuses out of it in a given time, this value also represents that 
fraction of the total concentration, active plus inactive, of the element under 
investigation which passes by diffusion out of the cell under the same con- 
ditions. 

Fick’s law states that 
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The expression (i) can be integrated so as to obtain the expression (ii) which 
is applicable to the conditions as outlined above : 
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where y is that fraction of the original amount of radioactive isotope which is 
left in the capillary cell at the end of the diffusion, and @ = m*D#/4/*, where 
D = diffusion coefficient at 20°, ¢ = time of diffusion, and / = length of capillary 
cell. By _ of equation (ii), the value of D can be calculated from a knowledge 
of t, 1, and y. 

The series within the square brackets in —, (ii) is rapidly convergent, 
and calculation shows that for cells of len about 2 cm. and diameter 0-8 mm., 
and diffusion times of the order indicated, the error introduced in the value of 
y by taking the first term only of the series is less than 0-5%. 

The modified expression y = 8e~®/m* has therefore been used in the calculation of the diffusion 
coefficients. 

Study of the Polytungstic Acids.—The technique described above has been used to study the process 
of aggregation of the anions, as the hydrogen-ion concentration of a sodium tungstate solution is 
inc: . The constitution of the fog gp aera formed thereby must be regarded as still uncertain. 
Whereas normal sodium yw Na,WO,, crystallises from alkaline solutions, sodium paratungstate, 
3Na,0,7WO,,aq. or 5Na,0,12W0O,,aq., is obtained from solutions of pH 4—6. Between the alternative 
formulations [W,0,)*~ and [W,O,,]*~ for the paratungstate anion, the published analytical data do not 
distinguish. By analogy with the constitution of the paramolybdate anion [Mo,O,,]*- (Sturtevant, 
J. Amer. Chem. Soc., 1937, 59, 630), and with the 6-molybdo- and MG ee coe and -periodate 
anions, [TeMo,0,)*~, [TeW,O,)*~, [IMo,0,,]°~, [IW,0,,]*~ (cf. Abegg, ‘‘ Handbuch der Anorganischen 
Chemie,” 1921, Vol. 4, Part 1, ii, 977—1065), the first formulation would appear likely, but Jander 
(Kolloid-Beth., 1935, 41, 18 et seg.) and Souchay (Ann. Chim., 1943, 18, 61) consider that the anal 
is not valid, and that the paratungstates are derived from an acid H,W,O,,. It was hoped that 

ise a measurements the complexity of the anions existing in acid tungstate solutions could 
established. 

Procedure.—A known weight of tungsten trioxide is irradiated in the atomic pile for about 4 days, 
as a result of which it becomes radioactive owing mainly to the presence of the 1*”7W isotope of half-life 
24-1 hours. This active tungsten trioxide is dissolved in a slight excess of n-sodium hydroxide and 
diluted so as to afford a 0-5n-solution of sodium tungstate of pH approximately 11. From this stock 
solution suitable dilutions are made, with simultaneous adjustment of the pH, so as to obtain a range of 
solutions of a given concentration and of varying, known pH values. These solutions are for 
filling the —~ diffusion cells. Bath solutions of corresponding pH values and of concentrations 
0-98—0-99 of those of the capillary solutions are similarly ae orgy with inactive material. The 
remainder of the experiment is then carried out as already described. 

















Results and Discussion. 


Measurements were made with sodium tungstate solutions of concentrations varying from 
0-0025 to 0-05m. A typical set of results for the 0-05m-solutions is shown in Fig. 2, curve I, in 
which the values of the diffusion coefficient D at 20° are plotted against pH. 

The flat portion AB of the curve shows that for solutions of pH greater than 9, the value 
of D is approximately constant, having a mean value of 7-7 x 10-* cm.? sec... The value of 
D then decreases gradually as the pH is decreased from pH 9 to 5, after which D again shows 
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little change over the range of pH 5—2-3 (the lowest value studied so far). This is indicated 
by the horizontal part CD of the curve which corresponds to a mean value for D of 
3°47 x 10-* cm.* sec.-1. Each region of constant diffusion coefficient corresponds to a series 
of solutions in which, despite differences in pH, there is roughly the same ionic complexity. 
In solutions of pH greater than 9 the only type of ion present in significant amount is the simple, 
uncondensed ion, whilst over the pH range 2-3—5 a second ion is essentially predominant. 
Over the pH range 5—9 the curve indicates a transition from one ion to the other with no one 
species predominating. 
Fic. 2. 
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The evaluation of the diffusion data involves a knowledge of the relation between the ionic 
or molecular weight and the diffusion coefficient in liquid systems, and for this a full theoretical 
treatment is at present lacking. Riecke’s discussion (Z. physikal. Chem., 1890, 6, 564) leads to 
a relation which is formally analogous to Graham’s law, namely, D,VM 1 = DV My, where 
D,, M, are the diffusion coefficient and (unknown) molecular weight of the substance being 
investigated, and D,, M, are the corresponding values for some reference substance, of known 
molecular weight and as similar as possible in character (i.e., in size and charge, if an ion) to the 
substance being investigated. Although this simple relation is valid for the limiting cases of 
molecules diffusing in a gas, and the diffusion of colloidal partic’es in a solution, it is certainly 
a crude approximation for the diffusion of ions in an electrolyte solution; the ionic radius and 
ionic charge undoubtedly enter both directly, into factors modifying the Riecke-Graham law 
relation, and indirectly, by controlling the solvation and the effective diffusing mass of the ion. 

Jander and Brintzinger have used the Riecke-Graham relation, with some refer’ ace ion of 
supposedly known ionic weight, in discussing their diffusion measurements. That this involves 
considerable ambiguity is shown by the present work, and by measurements we have made 
upon the diffusion of the [(Co(CN),]*- and the [Co(en),]** ions. In the instance under discussion, 
the ion present in alkaline solution is undoubtedly the uncondensed tungstate ion. If this is 
effectively present as the WO,?- ion (ionic weight 248), the ionic weight of the condensed ion 
predominating in acid solutions is calculated from the Graham—Rieke relation as ca. 1220, a 
value too low to be compatible with either of the formule advanced for the paratungstate ion. 
If the (not unplausible) assumption be made that, in solution, the simple tungstate ion diffuses 
as [WO,,2H,O)*-, of ionic weight 284, the ionic weight of the condensed ion is found to be 1400, 
which corresponds most nearly to a hexatungstate ion. However, as stated above, neither the 
validity of this calculation nor the degree of hydration of the simple tungstate ion is certain, 
and our results do not exclude the possibility that the paratungstate ion is, in fact, that of a 
heptatungstic acid. 

Although this question remains unsettled, it is nevertheless possible to derive from our 
measurements some information concerning the aggregation process. The paratungstate ion 
must be formed by one or more reversible condensation reactions of the general type 


nWO2- + 2mHt == [W, Ogun )'"-9™- + mH. . . . . . (1) 
If, following Jander and Souchay, we assume = 2m = 6, we have 


6WO,- + 6H+ —=[W,0,,)"° +3H,O ...... . (2) 
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This condensation may, alternatively, take place in successive stages: for example 
3WO,- + 2H* —=[W,0,,J* +H, ...... . (3) 
2[W,0,,]*- + 2H+=——=[W,0,,)"° +H, ....... (4) 


Evidence for the occurrence of an intermediate stage in the condensation process is provided 
by a comparison of the experimental data (Fig, 2, I) with diffusion coefficient-pH curves 
calculated on the alternative assumptions. This may be carried out as follows. 

By applying the law of mass action to equation (2) and using the experimental curve to 
obtain that value of the pH corresponding to the state in which one-half of the total tungsten 
is still present as the simple ion, we can evaluate the equilibrium constant for the single 
equilibrium (2). This value can then be used to calculate pH values corresponding to other 
degrees of aggregation, so that an ideal curve may be drawn on the basis of this single equilibrium. 
The curve II was calculated in this way for a 0-05m-solution, and shows a sharp drop between 
the two regions of constant diffusion coefficients. Ifa similar treatment is applied to equations 
(3) and (4), again using the experimental curve I to obtain data from which to calculate the 
appropriate equilibrium constants, a second ideal curve III for a 0-05m-solution may be 
plotted on the assumption that the equilibria (3) and (4) represent the mechanism of the 
aggregation process. This curve III is seen to fit the experimental curve I much more nearly 
than does curye II. Nevertheless, the fact that no definite step occurs between pH’s 9 and 5 
in curve I indicates that the intermediate ion does not predominate in a solution of any pH 
value. 

The effect of a change in total concentration of the solute is seen on comparing curve I with 
the curve IV (Fig. 3). The latter is the experimental curve for a 0-0025m-solution, and the 
comparison shows that increasing dilution causes an increase in the value of D for a given pH, 
corresponding to a decrease in the degree of aggregation. The same effect is shown in the 
series of ideal curves of Fig. 4 calculated as for curve II, and in the series of ideal curves of 
Fig. 5 calculated as for curve III. 

The experimental curve I may be compared with that obtained by Jander (Kolloid-Beih., 
1935, 41, 21) for 0-1N-tungstate solutions. Because of the method used, Jander found 
it necessary to plot, not D, but Dz against pH, where z is the specific viscosity of the solution. 
Nevertheless, the curve so obtained also shows a region in which the value of Dz is constant, 
which extends in this case down to pH 8, followed by a gradual fall until pH 6 is reached, when 
a second constant value for Dz is obtained. 

Finally, in the solutions here examined, down to the lowest pH employed, viz., 2-3, the 
diffusion curves show no indication of the presence of a dodecatungstate ion corresponding to the 
crystalline metatungstates. 


We thank the Director, Atomic Energy Research Establishment, for permission to publish this paper. 


Atomic ENERGY RESEARCH ESTABLISHMENT, 
HarRWELL, Dipcot, BERKs. [Read, April 1st, 1949.] 





$81. The Electron Transfer (Exchange) between Cobaltous and 
Cobaltic Amine Complezxes. 


By W. B. Lewis, C. D. CoryELL, and J. W. Irvinez, Jun. 


A study has been made of the electron-transfer processes from the trisethylenediamine 
complex of bivalent to that of tervalent cobalt, and similarly for the hexammino-complexes. 
Further, the cross-reactions where one form of cobalt is complexed with ammonia and the other 
with ethylenediamine have been investigated. ; 


THE process of electron transfer between two ions is a fundamental one. When this process 
occurs between ions differing only in oxidation number, it can only be studied with the aid of 
isotope-tracer methods, for the only observable result is isotope exchange. This paper reports, 
first, the detailed study of the electron-transfer process from the trisethylenediamine complex 
of bivalent cobalt to that of the same complex of tervalent cobalt, in which the reaction proceeds 
at an easily measurable rate (half-time, 2—50 hours), and secondly, tests on the same process 
with the hexammino-complexes, in which the reaction is very much slower. These two reactions 
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proceed without free-energy change. Surveys are also included of the cross-reactions where 
one form of cobalt is initially present in a hexammino-complex and the other in a trisethylene- 
diamine complex. The reaction with free-energy decrease is quite fast (falling to half the ultimate 
exchange in 4-4 minutes), and the corresponding one with free-energy increase appears to be 
exceedingly slow. Thesé studies serve to characterize some interesting kinetic properties of 
the cobalt complexes involved. 


EXPERIMENTAL, 


Great care was exercised with the purity of reagents used. Ethylenediamine (en) monohydrate was 
purified by distillation, the fraction boiling in the range 117-5—118-5° being retained, and new 
preparations were made frequently. 

Trisethylenediaminocobalt(III) chloride, [Co(en),)Cl,,3H,O, was prepared by air-oxidation of 
cobaltous chloride in the presence of excess of ethylenediamine and recrystallized three times. A new 
stock was prepared approximately every month. Hexamminocobalt(III) chloride, [Co(NH,),]Cl,, 
was prepared by oxidation of concentrated cobaltous chloride in concentrated ammonia by diammino- 
silver chloride, recrystallized twice, and washed with alcohol. The trisethylenediaminocobalt(II) 
complex or the hexamminocobalt(II) complex was synthesized at the start of a run by adding excess of 
the amine or ammonia as the last reagent to mixtures of the other components freed from air. 
Transformation of the cobaltous ion into [Co(en),]** by a total ethylenediamine concentration of 0-55. 
was.more than 99-7% complete, whereas transformation into [Co(NH,),]** by a total ammonia 
concentration of 5-7mM. was approximately 60% complete (Bjerrum, ‘“‘ Metal Ammine Formation in 
Aqueous Solution,” Haas aa Son, Copenhagen, 1940). e ionic strength » was made up to 
a predetermined value, generally by the addition of C. P. barium chloride. 

The radioactive *°Co tracer of 5-3-years half-life was prepared in the M.I.T. cyclotron and carefully 
purified from possible radioactive contaminants. A correction was made for the inactive cobalt carrier 
introduced into the system with this preparation. Radiometric pa Bowe carried out by counting the 

rays from suitable aliquots diluted to 100 ml. in a double-walled cylindrical glass cell placed around a 

ass Geiger—Miiller counter. Appropriate corrections were made for background capi for loss by 
coincidence of counts, and for slight differences in geometry among duplicate glass cells. Generally 
the activity was introduced in the cobaltous complex, and that accumulated in the cobaltic complex 
computed from the amount observed in the cobaltous complex subtracted from the initial amount. 
Suitable tests showed complete material balance for activity and no dependence of the reaction rate on 
the choice of species ‘‘ labelled.” 

Early tests showed the necessity of eliminating oxygen as completely as possible to minimize a 
transitory catalysis of the reaction. This was accomplished fairly well by prolonged de-aeration of the 
reaction mixture with purified nitrogen just before addition of the complex-former for the cobaltous 
ion, and carrying out the rate run in a closed system under nitrogen pressure. The nitrogen was 
bubbled through 1-m. column of 0-2m-chromous chloride continuous! enerated with zinc amalgam, 
and washed with silver nitrate and water, following H. M. Stone’s directions (private communication). 
Nitrogen was used to drive 10-ml. aliquots into a pipette adjoining the reaction vessel from which they 
could be withdrawn. 

An analysis was made by discharging the samples into a 10—15% excess of hydrochloric acid, which 
destroys the cobaltous complexes without affecting the cobaltic complexes even during several days. 
The exchange is thereby brought to a standstill. The cobaltous ion was separated from the cobaltic 
complex by extraction from 25—30% ammonium thiocyanate with 1:1 ether-amyl alcohol. After 
each phase had been washed once with the other, cross-contamination was found to be less than 0-05%, 
which is also the upper limit on exchange induced in the separation method. 

In an exchange reaction without net molecular transformation of the type 


[Co*(en),]** + [Co(en),}*** > [Co*(en),]*** + [Cofen),]**F . . . ~ (1) 


where a is the concentration of [Co(en),]** of observed ®°Co activity x, and b is the concentration of 
[Co(en),]*** of observed activity y, the rate of increase of activity y is given (McKay, Nature, 1938, 142, 


997) as 
dy/dt = R(x/a — y/b) 6 ee ae. 6 Te 


where R is the constant frequency of collisions eting to exchange in the given mixture, a function of 
the concentrations of the constituents of the activated complex : 


EE EE 


whose functional dependence may be determined from runs with different values of the concentrations 
of possible reactants. The asymptotic activity yo at infinite time is 


Yo = Xb/(a + b) 

where %, is the initial activity, all as [Co*(en),]**. 
The integrated exchange equation is 

—In,(1 — y/yo) = 


The data obtained in the rate studies were analyzed by determining the slope A of plots of —In 
(1 — y/yo) against time ¢ in hours, using only data from linear sections. Equation (5) corresponds 
to first-order exchange (McKay, Joc. cit.) and the half-life for exchange, ¢,/,, is equal to 0-693/A, 


° 

° 
e 
= 


R(a + b) 
aon se . 7 . . . . . . (5) 
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RESULTs. 


Over 50 runs were made to study exchange reaction (1) with ethylenediamine complexes. 
After preliminary testing of conditions for optimum operation and for the possibilities of 
undesired catalysis, systematic studies were made at ionic strength 0-98 and 1-98 at 25-0° and 
45-1° over ranges of [Co(en),]+*+ and [Co(en),]+++ concentrations from 0-0170 to 0-0895m. 

It was early observed that the ingress of oxygen in small quantities, enough to oxidize only 
a few percent. of the cobaltous complex, led to more than 10 times the corresponding accretion 
of activity in the cobaltic complex in a few hours. Fortunately, this catalytic effect is 
transitory, and disappears within 2 hours. It leads in the rate studies to an apparent ordinate 
intercept in the plot for equation (5) of —In (1 — y/y) against time. No run was accepted in 
which this intercept exceeded 0-2 unit, and generally the values were much lower. After 
about a day the analytical curve sometimes showed a tendency to turn up slowly. This effect 
was ascribed to the slow diffusion of oxygen into the reaction vessel from the plastic tubing, and 
the data from this region were not used. Other tests showed great acceleration of the reaction 
by powdered silica gel, nickel wire, and powdered glass. Tests showed that the rates in vessels 
of ieoharnid, polystyrene, and glass are indistinguishable, but that paraffin coating gives 
acceleration of about two-fold. More detailed tests using glass beads of 16 times the surface 
area of the reactor wall showed 4% heterogeneous catalysis in the ordinary run at the upper 
limits of [Co(en),]*+*+ and [Co(en),]*** and 8-6% at the lower limits. These figures are probably 
high because of the greater accessibility of surface to all the solution in the bead tests. Old 
preparations of the cobaltic complex often gave high rates, presumably owing to the catalytic 
power of traces of cobaltic hydroxide. 

Logarithmic analysis by equation (5) of typical runs is given in Fig. 1, with the best lines 
drawn through the data, including in several cases a point off the plot. An arbitrary probable 
error has been assigned to each A value on the basis of length of the linear portion of the curve 
and deviation of points from the line in this region. 
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Analysis of typical vate curves for the exchange between labelled trisethylenediaminocobalt (II) and 
trisethylenediami balt (III) ions; p=1-98, 25-0°. 
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A series of measurements was made to determine if there was appreciable dependence of 
the rate on ethylenediamine concentration and on pH. The pH was lowered by substituting 
ethylenediamine monohydrochloride for much of the barium chloride. The results, presented 
in Table I, show that neither of these has a significant effect on A or R, the slight acceleration 
in runs XV and XIV being a salt effect to be discussed later. The possibility of specific chloride 
effect (catalysis) was also eliminated in a run in which barium chlorate was substituted for 
barium chloride, as shown in Table II. 

It seems reasonable that the rate function R for the exchange reaction should be of first 
order with respect to the concentration of both the cobaltous and the cobaltic complex, or that 
the only exponents in equation (3) differing from zero should be m and n, both unity. This 
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Taste I. 
Absence of vate dependence on ethylenediamine concentration and on pH. 
[Co(en),]** = 0-0165m.; [Co(en),]*** = 0-0895m.; p = 0-98; T = 25-0°. 
Ethylenediamine, 
M. 


Run. Slope A. Half-life, hrs. 

XVIII, 2 0-55 . 0-0244 + 0-0007 28-4 
1-10 : 0-0244 + 0-0007 28-4 
0-55 5 0-0265 + 0-0008 26-2 
0-55 ° 0-0259 + 0-0008 26-8 


TaBLeE II. 
Absence of specific effect of chloride ion. 


[Co(en),]** = 0-0170m.; [Co(en),]*** = 0-0170m.; » = 1-98; T = 25-0°. 


Run. Ba**. Ci-. ClO,~. Slope A. Half-life, hrs. 


XXIX 0-608 1-303 _ 0-0196 + 0-0010 35-3 
XLII 0-608 0-085 1-217 0-0190 + 0-0006 36-4 


point, which was very hard to establish except as an idealization, will be reported in detail 
elsewhere. The concentration of one complex was held at 0-017 or at 0-089M., and the other was 
varied over this range. Representative data are presented in Table III. The R value was 
computed for each run, and its logarithm plotted against the logarithm of a@ or b, the 
concentration of the complex varied. The data showed essentially linear relationship on this 
basis, and the slopes m for dependence on [Co(en),]*+ or » for dependence on [Co(en),]*+*++ 
were obtained. The exponent m had the values 1-00, 0-95, and 1-01 for low b, and 0-88, 0-93, 
and 0-93 for high b under the three sets of conditions p = 0-98, 25-0°; yw = 1-98, 25-0° and 
45-1°. The values for the exponent » were correspondingly 0-68, 0-83, and 0-89 at low a and 
0-58, 0-79, and 0-81 at high a. 

The dependence of electron transfer on the concentration of cobaltous complex is satis- 
factorily of first order. That on cobaltic concentration is obviously complicated. It appears 
to be impossible to explain the low values of m by the assumption of any type of secondary salt 
effects (polymerization or specific complex formation). The occurrence of polymerization of 
[Co(en),]+*++ would lead either to constant values of » for different values of b for complete 
polymerization, or to reaction orders concave downward for partial polymerization. Neither of 
these conditions is observed. Furthermore, increasing ~ should enhance polymerization and 
increase ». An explanation was found in Bjerrum’s concepts of ionic association (Kgl. Dansk. 
Vid. Selsk. Medd., 1926, No. 9, 7). The abnormal reaction order has its origin in the effect of 
electrolyte composition upon the activity coefficients of the reactants and the activated complex, 


TaBLeE III. 
Dependence of vate on concentration of the two complexes, ionic strength, and temperature. 


[Co(en),]**. [Co(en),]***. Bat*. Slope A, hr.-?. _—_ Half-life, hrs. 

p = 0-98; T = 25-0°. 

0-0170 0-0170 0-275 0-0137 + 0-0005 

0-0894 0-0895 0-058 0-0336 + 0-0012 

0-0895 0-0895 —* 0-0415 + 0-0012 
p= 0-98; T = 45-1°. 

0-0170 0-0170 0-275 0-0533 + 0-0016 
= 1-98; T = 25-0°. 

0-0171 0-0170 0-608 0-0196 + 0-0010 

XXVII 0-0897 0-0895 0-391 0-0656 + 0-0020 
p= 1-98; T = 45-1°. 
XXXIX 0-0170 0-0170 0-608 
XXXVII 0-0895 0-0895 0-391 


* 0-174m-NaCl substituted for 0-058m-BaCl,. 


since the contribution of the ter-univalent electrolyte to the ionic strength varied from 10 to 
55% in typical tests of the b dependence. There is thus less chloride ion for general anion 
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catalysis at high b. The prediction that an increase in rate should occur by substituting 
sodium chloride for barium chloride is confirmed in Table III, as is the prediction that the 
reaction order should approach unity as the ionic strength is increased. This competitive 
action between multivalent cations for anions may be considered as a primary salt effect of 
second order (cations decreasing cation—cation reactivity) as distinguished from the normal 
Bronsted primary salt effect (anions increasing cation—cation reactivity) commonly observed. 
The lack of change in rate on substitution of chlorate for chloride is ascribed to the probable 
agreement of the radius sums for cobalt complexes and chlorate or chloride ion. 

Because of the ionic complexities of the system, it is not surprising that the Arrhenius heat 
of activation rises for low a and b from 12,750 cals. /mole at 4 = 0-98 to 14,300 at u = 1-98 and 
for high a and b has the value 15,750 at p = 1-98. 

The corresponding exchange reaction between hexammine complexes 


[Co(NH,),]** + [Co*(NH,),]*** = [(Co(NH,),]*** + [Co*(NH,),)** . . ~ (6) 


was found to be much slower. Following the appearance of the paper of McCallum and 
Hoshowsky (J. Chem. Physics, 1948, 16, 254) reporting virtual absence of exchange, the 
problem was re-examined under more favourable conditions. The reaction mixture was 
0-089m. in cobaltous complexes, 60% in the form of Co(NH,),*+, 0-0895m. in [Co(NH;),]***, 
5-7M. in ammonia, 0-174mM. in ammonium chloride (to lower the pH to about 10-7 to inhibit 
decomposition of the cobaltic complex to cobaltic hydroxide which might catalyze the reaction), 
of ionic strength 0:98, and the rate was studied at 45-1°. The logarithmic analysis is given in 
Fig. 2, with x substituted for y because the tracer was initially in the cobaltic form. The 
reaction curve was one of the worst encountered for oxygen catalysis because of the small 
value of exchange that occurred and the large volume of ammonia reagent used. The 
minimum slope (between points at 20-9 and 26-7 hours) of A = 0-00033 corresponds to an upper 
limit, because of the probable catalysis by oxygen diffusing in by this time. Correspondingly 
the half-life for exchange is taken to be greater than 80 days under these conditions. A blank 
run with (Co*(NH;),]Cl, for 36 hours without cobaltous complex until the time of analysis 
produced no activity in the cobaltous extract. 


Fic. 2. 
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Analysis of the rate of exchange between hexamminocobalt (II) and labelled hexamminocobalt (III) ions” 
in 5M-ammonia, ~=0°98, 45°1°. 
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It seemed useful to use the same techniques to study the cross-reactions between 
ethylenediamine and ammino-complexes. According to Bjerrum (loc. cit.) the molar electrode 
potentials of the hexammino-system and the trisethylenediamine system at 30° and » = 1 
are —0-057 volt and +0-259 volt (the latter more reducing). 

The reaction 


[Co*(en),}** + [Co(NH,),]*** = [Co*(en),]*** + [Co(NH,),J** . . . (7) 
should therefore go with a free-energy decrease of 7300 cals./mole. The decrease of activity 
in the cobaltous fraction was followed as a function of time in a solution with both complexes 
initially at 0-0895m. (a), with ethylenediamine excess at 0-27M., ionic strength 0-98 at 25-0°. It 
is expected that reaction (7) will be followed rapidly by transformation of the hexammino- 
cobalt(II) complex into the ethylenediamine complex : 


(Co(NH,),]*+ + 3en = [Co(en),]*++ + 6NH, . . .... . (8) 
In fact, analysis of the cobaltous product after completion of the reaction by both gravimetric 
and spectrophotometric procedures showed that it was [Co(en),]Cl,. 

The reaction proceeded rapidly, following a rate equation based on the assumption of equation 
(7) as rate determining, followed rapidly by equation (8). This equation predicts that the 
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[Co(NH,),]*** concentration r should decrease exponentially with time from an initial value of 


7, with a decay constant of ka. The rate of disappearance of activity x in the cobaltous 
fraction is thus 


ie ce bg st) 6) be Bie ep thee of 


Taking into account the facts that at zero time 7, = a in the given reaction and + = %, it is 
found that at ¢ = 0, *.= %,/e, and the predicted rate equation can be expressed as 
—In,In, ve/%) = hgat . . . hep ae. 
The log-log analysis of the run is given in Fig. 3. The slope of the line endeietiah to a value 
of k,a equal to 0-109 + 0-003 min.-1. At 3-5 minutes, the rate of exchange had fallen to half 
its initial value, at 4-4 minutes the value of x had fallen halfway to its asymptotic value 0-386%,, 
and at 13-8 minutes (the last point) the value of 0-47%, was observed. After several hours, 
activity was found distributed equally between the two oxidation states, probably owing to 
participation of reaction (6) at enhanced rate from oxygen catalysis. Unfortunately, time did 
not permit the determination of the reaction constants at another temperature. 
Fic. 3. 
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Analysis of the rate of exchange between labelled trisethylenediaminocobalt (II) ¢ and hexamminocobali (III) 
ions with excess of ethylenediamine, p=0-98, 25°0°. 


The reverse of reaction (7) with a free-energy increase of 7,300 cals./mole would be expected 
to be slower by the factor 2 x 10° at the same concentrations and temperature. A run was made 
at ionic strength 0-98 at 45-1° in 5-7mM-ammonia plus 0-174m-ammonium chloride, with 
[Co(NH,),]**+ = 0-053m. and [Co*(en),]**+*+ = 0-0895m. A very small exchange was observed, 
increasing erratically to 0-15%, in 27 hours, corresponding to a lower limit of the half-life for 
exchange of about 500 days. This value, on the limits of error, has not been corrected for any 
oxygen catalysis. Because of the position of the equilibrium in reaction (7), however, this 
would not necessarily measure the rate of the reaction unless the rate of the reverse of reaction 
(8) serves to bring the [Co*(en),]**+ product into the reservoir of the [Co(NH,),]+*+ complex. 


TABLE IV. 


Summaries of bimolecular rate constants k, for exchange from data for complexes at 0-0895m., 
p = 0-98. [Units for k, ; 1./mole-hour.] 
Co® complex. Co™ complex. ky (25-0°). hy (45°1°). 
ya 0-188 (0-85) * 
<0-0023 


[Co(NH,),]** : <0-0004 (?) 





DIscussIon, 


To facilitate comparison of the rate studies reported here, the data for the bimolecular rate 
constants kh, for the four reactions studied are presented in Table IV. This constant is equal 
to A/(a + b) for the data treated by equation (5). Because of the salt effect, the data have been 
computed uniformly from observations at a = b = 0-0895 at ionic strength 0-98, and are 
presented for the two temperatures. 
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It is noteworthy that the rate constant and activation energy for the ethylenediamine 
system is roughly equal to the corresponding values for the thallous—thallic system in nitric 
“acid (Harbottle and Dodson, J. Amer. Chem. Soc., 1948, 70, 880; Prestwood and Wahl. ibid., 
p. 880). The rate constant itself at 25° is not much greater than that calculated for the 
ferrous—ferric system (0-07) in perchloric acid (Van Alten and Rice, ibid., p. 883). The rates of 
exchange in both these systems of aquo-complexes are, on the other hand, very sensitive to 
chloride catalysis because of the formation of specific chloride complexes of the oxidized forms. 

It is remarkable that such a difference exists between the rate in the ethylenediamine 
system and that in the hexammino-system. If the entropy of activation is due largely to 
electrostatic factors as suggested by Moelwyn-Hughes (Proc. Roy. Soc., 1936, 155, A, 308), the 
entropy values should be nearly the same for the two reactions. It would seem, then, that the 
slowness of exchange with the second is due to an activation-energy increment of about 
4000 cals./mole. This increment may come from the necessity of closer approach of the two 
complexes for effective electron transfer. This effect may perhaps be related to the smaller 
covalent character of the hexammine complex, as reflected in the electrode potentials, which 
indicates that the unpaired electron on the cobaltous atom should have more 3d character in 
3d—4d hybridization and consequently less extension in space. 

The catalysis by oxygen may be explained by the formation of a metastable cobaltous 
complex [CoX,O0,]*+, where X is an amino-nitrogen atom of ethylenediamine. The O, 
addendum may provide a resonance path to project the unpaired electron from the cobaltous 
atom further out for transfer purposes. It is probable that the oxygen addendum is ejected 
from the cobaltic complex formed, and used repeatedly by other cobaltous ions before it is 
eventually reduced to peroxide and then to water. 

The increase in the rate constant noted in the reaction between ([Co(en),]*+ and 
(Co(NH;),]*** over that in the symmetrical [Co(en),]+*+—[Co(en),]*** system is probably due 
to the availability of part of the free-energy decrease to lower the heat of activation. Half of 
the free-energy decrease would account for the observed increase in rate constant. 

As suggested in the discussion in the previous section, a clear-cut interpretation cannot yet 
be given of the apparent infinitesimal exchange in the system [Co(NH;,),|*+-[Co(en),]*+** in 
excess of ammonia. From data given by Bjerrum (loc. cit.) it is expected that reaction (8) will 
have an equilibrium constant of about 10°, The interpretation of the exchange data will depend 
on the clarification of the relative rates of the reverse of reactions (7) and (8). 


The authors are indebted to the Office of Naval Research and the Atomic Energy Commission for 
support in these studies, and one of them (W. B. L.) is grateful for the receipt of a National Research 
Council Predoctoral Fellowship for 1946—1948. 


DEPARTMENT OF CHEMISTRY 
AND LABORATORY FOR NUCLEAR SCIENCE AND ENGINEERING, 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY, 
CAMBRIDGE, MASSACHUSETTS. [Read, April 1st, 1949.] 





$82. The Self-diffusion of Silver and Mercury in Ag,Hgl,. 


By K. E. Zen, G. JoHansson, and M. HILLErRt. 


Two methods for the determination of self-diffusion coefficients by means of radioactive 
tracers are discussed. Preliminary e cca are described in which these methods are 
applied to the species named in the ti 


REACTIONS in solids are usually determined by the rate of diffusion of the reacting particles. 
Values for self-diffusion coefficients at one time could be determined only from the electrical 
conductivity and the transference numbers, but not by a direct measurement, except in the 
special cases where natural radioactive isotopes of the diffusing particles were available. After 
the discovery of artificial radioactivity, however, a great number of tracers became available 
for studying self-diffusion processes in solids. To get a confirmation of Wagner’s theory 
(Z. physikal. Chem., 1936, 34, B, 309) of the reaction mechanism in the system Agl- 
Ag,Hgl,-Hgl,, an investigation was started of the self-diffusion coefficients of silver and 
mercury in their respective iodides and in Ag,HglI, as a function of the temperature, radioactive 
silver and mercury being used. Some of these coefficients have been calculated before from 
electrical measurements, and thus it is possible to control the reliability of this conversion. 
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The radio-nuclides Ag and **Hg were used, both of which emit electrons with a rather 
low energy. It is therefore convenient to use this property, i.e., the high absorption of the 
radiation, in determining the diffusion rate. This can be done in two ways. 

(I) The first method, used by Anderson and Rickards (J., 1946, 537) and by Steigman, 
Shockly, and Nix (Physical Rev., 1939, 56, 13), is as follows: A very thin layer of active salt 
is deposited by evaporation on a pellet of inactive material which is very thick in comparison 
with the diffusion length. By measuring the decrease in 8-ray activity from the sample due 
to the diffusion of the radio-nuclide it is possible to determine the self-diffusion coefficient. 
According to Fick’s law, the following equation corresponds to the case of diffusion from an 
infinitely thin layer along an infinite cylinder : 


C= Pn exp(— #*/4D?) 
where C = concentration at a distance x from the original surface after a time ¢, D = diffusion 
coefficient, and Q = amount of diffusing material originally deposited, i.ce., the activity of the 
pellet measured before the diffusion. At the end of the experiment the activity A (in counts/min.) 
can be calculated from the absorption law : 


din x C exp(—px).dx 
where 4 = absorption coefficient. The solution of the integral is 


A|A, = exp(y*D?).[1 — ¥] 


Vv De 
v= exp(—e).g 


PY 
If the value of A/A, is plotted against WE Dt it is possible to evaluate the diffusion coefficient 
if ¢ and pw are known. 

(II) If the diffusion rate is high (D > 10-* cm.?/sec.) or if, for some reason, it is impossible 
to get a thin layer of active salt upon the inactive pellet, method (I) cannot be used. It is 
then possible to let the active material diffuse from a layer of thickness A into a cylinder of 
thickness d. This method may be said to be a modification of that of Stefan and Kawalki 
but has the advantage that one is working with only one pellet. Consequently, there are 
no contact surfaces and no contact resistances. The change in f-activity due to the diffusion 
of the tracer atoms into the inactive part of the pellet is observed. The diffusion equation 
can be solved for these boundary conditions, and if C, is the tracer concentration between 
x = 0 and « = hat time ¢ = 0, the following result is obtained : 





C/Cy = ; + zi 7 * expl— (nw/d)*Dt).cos > sin meh 


After time ¢ the activity of the originally active surface ‘ i= i C.exp(—jx)d%, hence 








1—exp(—pd)h 22 =. 1 — exp(--pd) cos nm 
ecinhons Want ents: bt: ae ea) 


The activity of the originally inactive surface can be obtained in the same way : 


dae POG — #)]de, hence 





sag 1 — exp(—pd) h 2 1 nah cos nm — exp(—pd) 
Az,=C, (ae +2 2 3 oxPl— —(nm/d)*D#) sin —- a *~ wll + (nm |ndy) ) 


C, can be determined from the activity of the pellet before the diffusion. This activity being 
A,, the absorption law gives 
= pA,/(1 — exp(—pA)] 


Consequently, if 4 and C, are known, A, and A, can be determined as functions of Dt/d* for 
certain values of yd. The diffusion coefficient can be obtained first from the decrease of 
activity on the active side, and secondly from the increase of activity of the inactive side. 
The method is not as sensitive as the first one, but the sensitivity can be varied within rather 
wide limits by changing the thickness of the pellet. 
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Obviously, a fairly accurate value of the absorption coefficient ~ of the $-radiation is 
important for the determination of D. The measurement of yu offers great difficulties because 
it is not easy to get layers thin enough with respect to the soft radiation. Two methods have 
been used. By the first, a small amount of active salt is evaporated on to a thin metal plate and 
then thin layers of inactive salt are added in the same way. The thicknesses of the layers are 
determined by weighing. The other method consists of evaporating a very thin active layer 
on an inactive pellet which is as thin as possible. The activity is measured (A,), and the pellet 
is heated until the radio-nuclide is evenly distributed. If the activity is now A and the 
thickness d, the absorption law gives 


AA, = [1 — exp(ud)]/ud 
From this yw can be calculated. Measurements of the absorption coefficient in different materials 
are in progress but have not yet been completed. The value used for ™Ag is up = 15-3 cm.*/g., 
and for Hg, » = 77 cm.*/g. 

The heating was done in nitrogen purified from oxygen. A thermostat was used for 
temperatures below 125° (+0-1°), and an electrical furnace for higher temperatures (+1°). 
The activity of the pellets was measured by a Geiger—Miiller counter as the difference between 
the total radiation and the y-radiation, which amounts to only a few units %. 

The results obtained are shown in Figs. 1 and 2, where also those values of the diffusion 
coefficients determined from electrical conductivity are reproduced. 
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Agl (Fig. 1)—At temperatures lower than 147° (a-AgI), D has been determined by method 
(I), and for higher temperatures by method (II). We cannot yet give any explanation for tl.: 
difference in: the slopes and in the absolute values of the curves. Further investigations are 
proceeding. 

Ag,Hgl, (Fig. 2).—D,, and Dy, have been determined by method (I) or (II) according to 
the temperature (as above). The agreement in the values for the self-diffusion of silver 
determined from the electrical conductivity is here rather good. 


Our thanks are due to Professor M. Siegbahn, Research Institute for Physics, Stockholm, for several 
irradiations of palladium in the cyclotron, and to Professor J. S. Hamilton, Radiation Laboratory, 
Berkeley, California, for the production of ***Hg in the 82” cyclotron during the stay of one of us (K. E. Z.) 
in Berkeley. The work was performed under the auspices of Atomkommittén, Stockholm. 


LABORATORY FOR NUCLEAR CHEMISTRY, CHALMERS INSTITUTE OF TECHNOLOGY, 
G6TEBORG, SWEDEN. [Read, April 1st, 1929.) 
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S83. Self-diffusion in Some Solids. 


By R. LINDNER, 


A preliminary account is given of experiments in which radioactive tracers have been used 
to determine self-diffusion constants. 


Stupies of the mechanism of reactions in solids necessitate measurements of diffusion 
constants. In the case of self-diffusion the principal methods use radioactive tracers. Some 
work on this field has been done in Professor Hedvall’s 


institute in Gothenburg. The methods chiefly used are the ve & 
following : §, 6 
(1) A pellet is made of two layers of equal thickness, 
one of which is radioactive. When diffusion takes place, 
a decrease of the activity on the active surface and an 





increase in that on the other (initially inactive) surface can 
be measured. Thus two values for the diffusion coefficient 
can be obtained. 

(2) A thin active layer is allowed to diffuse into the Ss 
inside of a pellet and the decrease in activity is measured. 4 
This was Hevesy’s original idea and has been applied to : 
§-ray-emitting substances in England by de Hevesy and & 
MacKay, in the U.S.A. by Steigman and Banks, and in 
Australia by Anderson. 

(3) A radioactive pellet is pressed against an inactive 
pellet. At high temperatures diffusion takes place and the 
two pellets sinter together, but they can be separated at the 
original surface of contact. The amount of activity diffused -— 5 
into the formerly inactive pellet yields a value for the 
diffusion coefficient. 

The systems dealt with hitherto have been chosen partly 
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on account of their technical importance, and partly on rT 

account of their interest for reactions in the solid state. = i 

A few applications of methods (2) and (3) are described 

below. 3 a 3 
Method (2).—The thin layer will usually be produced 4 


by condensation of the substance which has been evaporated —_ 
in a vacuum. Sometimes this method is difficult to use, ] | 
e.g., in the case of lime. In such a case, we used a form 
of precipitation method. The pellet is brought in contact 
with a solution of ammonium carbonate and “‘impregnated”’ 
that way. If this surface is placed in a solution of radio- ; 
active calcium chloride, a thin layer of radioactive calcium ie 
carbonate will be formed. This layer is easily transformed 
into lime by heating the pellet to about 1000°. It has, 





however, not yet been proved that this method is as reliable ®_9 

as condensation in a vacuum. ow om ee 
Method (3).—For the “ contact method” we use the Cc C 

small apparatus shown in Fig. 1. It contains at (1) three C-C 

pairs of pellets and a compact one of double thickness. _ 








All pellets are kept between platinum foils which have been 
pressed on already in the die, and the pressure in the holder 

















acts on the pellets by means of a platinum plate (2) which 2 
at the same time acts as the hot junction of a thermocouple. 
The leads of the thermocouple are contained in a double- : 


holed protection tube of quartz (3) on which pressure is 
exerted at (A) by means of springs at (5). ; 

The thermoelectricity may be measured between (6) and (7)—for the pair of pellets 
shown on the left—and the electrical conductivity is measured between (7) and the central 
bar (8). The latter measurement is made in order to control the amount of contact between 
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the two “ diffusion pellets” by comparing their electrical resistance with that of the compact 
pellet which is as thick as the two “ diffusion pellets” together. A correction for imperfect 
contact can be made when calculating the diffusion values. 

The whole apparatus can be placed in a tube of Pyrex, Supremax, or quartz, and can thus 
be kept in a vacuum or a defined gas atmosphere. 

After being heated for a certain time to the temperature of diffusion, the pellets are separated 
and the contact surface of the originally inactive pellet is measured with a Geiger—Miiller 
counter. The activity taken up by that pellet follows the equation S = gC./Dt/m, where 
q = surface of contact, C = concentration in impulses/cm.*, D = diffusion constant, and 
t = the time, and thus a value for the diffusion constant can be obtained. 

With sufficiently high temperatures it is possible to get several values with one pair of 
pellets. At lower temperatures, at least the first values of all pairs, separated at different 
times, fit into the theoretical curve. 

This method has been applied to lead salts, and some preliminary values with lead iodide 
are in fair accordance with those obtained by Seith by the method of radioactive recoil. It 
might be mentioned that the contact method fills the gap which has hitherto existed for 
measurement of diffusion constants between 10-" and 10-"* cm.2/sec., as may be seen in Fig. 2, 
which reproduces the range of sensitivity for different methods of diffusion measurement. 
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Measurement of self-diffusion in solids with radio-tracers. 


Silver sulphate. The constant of self-diffusion has been measured between 250° and 650° 
and, up to the transition point (assumed hitherto to be 411°), has been found to be in fairly good 
agreement with values calculated from the electrical conductivity measured by Jagitsch (Trans. 
Chalmers Univ. Techn., Géteborg, 1942, No. 11). That indicates that the diffusion is due to 
the migration of ions, and processes of direct exchange between neighbouring lattice sites are not 
present in larger amounts. 

Lead oxide. The contact method yielded values of the order of magnitude of 10- cm.?/sec. 
to 10-8 cm.*/sec. between 485° and 570°. 

Zinc oxide and ZnO-Fe,O;. These systems are of interest in connection with the formation 
of zinc-iron spinel. The self-diffusion of zinc in the spinel has been found to be higher than in 
the pure zinc oxide. The exact values will be published later. 

Calcium silicate. The diffusion of calcium in the system CaO-SiO, is slow, in accordance 
with Jander’s theory of formation of calcium silicates (Z. anorg. Chem., 1934, 218, 211). 

Investigations on the mobility of calcium in the different silicates are in progress. 


Weexpress our gratitude to Professor J. A. Hedvall for his interest in this work and to Statens Tekniska 
Forskningsrad for cial support. 


INSTITUTE FOR SILICATE RESEARCH, CHALMERS UNIVERSITY OF TECHNOLOGY, 
GOTHENBURG, SWEDEN. [Read, April 1st, 1949.] 
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S84. New Experiments on the Cathodic Deposition of Radio-elements. 
By M. Hatsstnsky and A. CocHE. 


__ Deposition potentials for polonium and other metals on various cathodes in extremely 
dilute solution have been investigated and found to be abnormal in several instances, since they 
do not conform to the Nernst equation. 


4 
The normal potential of polonium is discussed, and the value (E2 = +0-77 v.) previousl¥ 
given is believed to be nearly correct. 


ACCORDING to various electrochemical experiments carried out up to 1940 (Haissinsky, 
“ Electrochimie des Radioelements,’’ Hermann, Paris, 1946) on radio-elements on a tracer 
scale (t.e., with quantities insufficient to cover the electrode with a complete monoatomic layer), 
it seemed possible to confirm the two important conclusions made on the basis of their first 
researches in this field by Paneth and Hevesy (Wien. Ber., 1913, 122, 1037, 1049; 1914, 123, 
1619), namely, that (1) the method of decomposition potentials of the second kind (critical 
potentials of deposition) being used, the Nernst electrochemical equation is valid for the 
variation of the critical potential with the concentration,* and (2) the deposition phenomena are 
defined by the potential of the electrode support and are independent of the nature of this 
and even of its polarity—cathode, anode, or isolated piece. 

It is obvious that the second point is a consequence of the first, which supposes the fulfilment 
of some other conditions, namely, that (1) the deposition potential corresponds toa primary process 
(this is probably not true for polonium deposition in basic solution), (2) the deposition is not 
accompanied by overvoltage phenomena, and (3) the radio-element does not possess specific affinity 
for the support, which would lead to an under-voltage (deposition of polonium on platinum 
seems not to satisfy this condition). 

A close examination (Haissinsky, J. Chim. physique, 1946, 43, 66) of the theoretical aspect 
of this whole question brings us, however, to some difficulties, namely, that for deposits of less 
than a monoatomic layer, the forces acting between the support and the deposited atoms must 
intervene and vary from one metal to another. It has been shown that the experimental 
observations can be explained by taking into consideration the heterogeneity of metallic surfaces 
conditioned by the existence of “ active centres.” But this interpretation enabled us to conclude 
that the independence of the critical potential of the nature of the electrode and, consequently, 
the validity of the Nernst equation lose their generality in the region of very dilute solutions. 
It was predicted that other cases than that of polonium on platinum might be found where the 
deposition potential would be “ abnormal.” 

Now, the validity of the Nernst equation has already been contested on the basis of the 
experiménts by Mrs. Wertenstein (Compt. rend. Soc. Sci. Varsovie, 1917, 10, 771) and of 
Joliot (J. Chim. physique, 1930, 27, 119). They did not observe measurable variation of the 
deposition potential of polonium when its concentration varied in the ratio 100: 1 (between 
about 10-* and 10-n.). On the other hand, systematic measurements of the cathodic 
deposition of bismuth on gold and silver between 10-* and 7 x 10~*N, using radium-E and 
thorium-C as tracers, have clearly shown the validity of the law in this case (Haissinsky, ibid., 
1935, 32, 116). Measurements of the deposition potential of technetium in 10-N-solution, 
carried out by Flagg and Bleidner (J. Chem. Physics, 1945, 18, 269), also gave, by means of the 
Nernst equation, a value for the normal potential of the electrode Tc|TcO7; which is well within 
the potentials of the homologous electrodes of manganese and rhenium. The non-variation of 
the polonium potential could then be explained by the high valency (IV) of the element and 
the poorness of the accuracy of the measurements. : 

In order to elucidate this problem and verify the theoretical conclusions mentioned above, 
we have, since 1945, undertaken a systematic study of the influence of the various factors 
concerned, especially the nature of the electrode and the concentration, on the kinetics and 
the equilibrium conditions. We have chosen lead and bismuth, with thorium-B and -C as indicators, 
in order eventually to extend themeasurements to the scale of weighable quantities. Furthermore, 
the normal potentials of these two metals are well known. 


* The validity of the Nernst equation in this case does not necessarily signify that if, e.g., a silver 
late is imm: in a 10-!* n-silver nitrate solution, the potential of the metal would be that predicted 
by this equation. The Hevesy and Paneth method is somewhat related to the potential determination 
by polarographic techniques but is much more sensitive and highly specific. For details see Haissinsky 
(op. cit.). 
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In the meantime, Heal in 1946 (Natl. Res. Council, Montreal Lab. Report, MC 33) stated 
that the critical potential of polonium in 10-N- remains the same as in 10-*N-solution. This 
variation of concentration corresponds to a potential variation of 0-057 x 5/4 = 0-07 v., which 
exceeds the error of measurement. Finally, according to Haenny and Mivelaz (Helv. Chim. 
Acta, 1948, 31, 633), the deposition potential of radio-zinc in 107!* N-solution gives a deviation 
from the Nernst equation of about —0-18 v. 

Heal’s conclusion did not seem convincing, since his potential curves have no inflexion point 
permitting the determination of a critical value. As to the results on radio-zinc, it could be 
objected that a possible contamination of some 10-™ g./c.c. of ordinary zinc would be sufficient 
to explain the observed discrepancy. 

We decided nevertheless to extend our experiments on polonium in order to verify Heal’s 
conclusion under proved conditions.* The main results we have obtained are as follows. 

(1) Lead. The critical potentials of 0-6 x 10-N-thorium-B- in 0-1n-acetic acid solution 
(chosen in order to reduce anodic formation of the dioxide) on gold, silver, copper, and bismuth 
are respectively —0-66, —0-655, — 0-665, and — 0-675 v., saturated calomel being the reference 
electrode. These values are in very good agreement with the potential, —0-67 v., calculated 
from the Nernst equation. On nickel, the results are less reproducible, but one can clearly 
see from the curve that, there too, the critical potential is close to the theoretical value. 
On the other hand, on tantalum the critical potential is close to —0-85 v. and corresponds 
to an overvoltage of 0-18v. Measurable quantities are deposited at lower potentials. It 
seems that this is quite a general phenomenon; in systems having abnormal deposition 
potentials, the results are not very reproducible and some deposition is observed below the 
deposition potential—the deposited quantities are either independent of, or slowly increasing 
with, potential. This is also the case for the deposition of platinum. In solutions between 
10-* and 0-6 x 10-n. the critical potential is practically the same (~ —0-53 v.) and is close 
to the theoretical value (— 0-55 v.) for the most concentrated, but corresponds to an undervoltage 
in the more dilute, solutions. This behaviour is quite different in solutions containing weighable 
quantities of lead (10-* to 10-'N.), where an overvoltage increasing with the dilution is observed. 
The transition between the two opposite effects is situated in the region of the formation of a 
monoatomic layer. 

(2) Bismuth. The previous measurements on bismuth isotopes (Haissinsky, loc. cit., 1946) 
have been completed by the determination of the critical potential on gold in 10-“N-solution 
(in N-nitric acid), The value found is —0-26 v. (referred to the saturated calomel electrode), 
in good accordance with that calculated from the Nernst equation (—0-277 v.). On platinum, 
the deposition is accompanied by an undervoltage; a sudden increase of the deposition velocity 
is observed at —0-10v., but some thorium-C is deposited even at more positive potentials. 
On tantalum the deposition is carried out with an overvoltage of some centivolts. 

(3) Also in the case of polonium on tantalum in 10-*N-solution (in 0-3N-nitric acid), there 
is a considerable overvoltage, relative to the deposition of gold, of 0-18 v., and the reproducibility 
of the results is poor. On tungsten the overvoltage is 0-14v. On molybdenum, the polonium 
is deposited in appreciable quantities at all potentials examined, i.e., between +0-30 and 
—0-05 v., with a minimum of deposition at about +0-15 v. 

The experiments carried out in 10-%*n-solution differed from those of Heal as follows. 
(a) We have measured the deposited quantity at each potential after a time (between 8 and 
12 hours instead of 1 hour as in Heal’s experiments) sufficiently long-for us to be sure that the 
equilibrium distribution between the electrode and the solution was attained. (b) The deposition 
was measured with a proportional amplifier. (c) We kept the solutions sufficiently acid 
(1-5N-nitric acid) to avoid completely any formation of colloidal polonium. It is known that 
for 10-*n-solutions, the acidity has no effect on the cathodic critical potential of polonium 
(Schneidt, Wien. Ber., 1929, 188, 755). 

In spite of these and other precautions, the fluctuations in the amounts deposited on gold 
cathodes are important, and it seems that here the results are much more sensitive to 
the experimental conditions than in more concentrated solutions. In particular, the origin 
and the “ history ” of the gold foil, and probably also the acidity, here have a notable effect on 
the quantities deposited. Our experiments nevertheless show clearly that the variation of 
the critical potential is not only not given bythe Nernst equation but is in the opposite sense. 
With a set of gold electrodes of the same origin and previously submitted to nearly the 


* The experiments on lead and bismuth isotopes have been carried out by A. Coche, as part of a 
thesis to be submitted for the degree of Docteur és Sciences; those on polonium in 10~1*n-solutions are 
in collaboration with Mrs. Faraggi and P. Avignon. 
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same treatment, we have obtained a critical potential of +0-53 v., as compared with +0-39 v. 
observed in 10-* N-solution. The effect is less marked on silver, in 0-75N-nitric acid solution, 
the value found being + 0-45 v. 

Thus, the experiments on various radio-elements show that the nature of the electrode can 
strongly influence the deposition phenomena. On tantalum, the deposition is characterised 
in the three cases studied by a more or less important overvoltage caused perhaps by the passivity 
of the metal. This is probably also the case with tungsten. On platinum, the deposition is, 
in all the cases examined, accompanied by an undervoltage, whose value varies with the conditions. 
Even on a metal such as gold, which has generally a normal behaviour, the deposition of polonium 
in extremely dilute solution is associated with an appreciable undervoltage. As the deposited 
amounts are here of the order of 10-7 of a monoatomic layer, it seems legitimate to think that this 
is due to the attractive action of some very rare spots, “‘ active centres,’”’ of the surface. The 
sensitivity to exteric~ conditions and the diminution of the effect with the increase of the 
concentration are thus explained. 

The relationships between the deposition potential and the surface structure are probably 
neither direct nor simple and require further research, but the intervention of this structure in 
the deposition phenomena is also demonstrated by the following experiments. 

The electrodes with the polonium deposit were applied, after the electrolysis, to Ilford 
Nuclear Research plates (type C2). After development, microscopical examination enabled 
us to establish the distribution of the polonium atoms on the surface and the distribution of 
the «-ranges. 

When the electrolysis was carried out on gold in 10 c.c. of solution containing 1-5 e.s.u. of 
polonium (~10-"n.) in order to obtain a deposit of 0-06 e.s.u./cm.*, the range distribution gave a 
very well-defined peak corresponding to 21-5 y. (in the Ilford emulsion), which is just the normal 
a-range for polonium according to our calibration. An appreciable number of tracks, however, 
were found which possessed ranges inferior to the normal value: 2-6% of 14-5 p., 1% of 9-4 p., etc. 

If the deposit in the same solution is stopped at an intensity of 4 x 10-° e.s.u./cm.*, the 
distribution is considerably changed; the peak is broader and corresponds to 19-5 yw. and the 
number of shortened tracks is much greater. In much more dilute solutions the deformation, 
for the same amount deposited, is more strongly accentuated, the maximum range and the 
distribution varying with the origin and the “ history’’ of the metal. Thus in 10-* or 10-*N- 
solutions the statistics give peaks varying between 7-5 and 18-8 p. 

For deposits on silver prepared under similar conditions, we have observed a nearly normal 
distribution. On platinum and nickel, the distribution is intermediate between that on gold 
and that on silver. 

The traces of nearly the same length tend to be grouped together on the various parts of the 
surface. Furthermore, in the more concentrated solutions (5 x 10~™ to 10-"N.) we frequently 
observed ‘‘ stars ’’ which correspond to aggregates containing thousands of polonium atoms, 
and whose centres often seem to be situated at a certain depth inside the electrode. 
The possibility of the stars being of radio-colloidal origin is excluded, as our solutions were 
strongly acid. 

The shortening of the a-ranges, limited to a very small number of polonium atoms, clearly 
indicates that these penetrate partly in the weakest, most “infirm” points of the surface: 
these can be identified with the postulated active centres. The deposition of radio-elements 
in very dilute solution thus gives us a method for the study of the micro- and ultramicro-structure 
of metallic surfaces, as has already been suggested (Haissinsky, Faraday Society Discussion on 
Electrode Processes, 1947, p. 192). The bearing of the results on research in nuclear physics 
will be discussed elsewhere (Coche, Faraggi, Avignon, and Haissinsky, J. Physique, in 
preparation). 

From the point of view of theoretical electrochemistry the behaviour of metallic ions in the 
electrolysis of very dilute solutions is now more satisfactory than it previously seemed to be. 
We see, however, that it is dangerous to use the critical potentials measured in these solutions 
for the calculation of an unknown normal potential. Such an extrapolation should be made 
only if the potential varies with the concentration and if it is independent of the nature of the 
electrode, at least for several metals. For this reason, the normal potential of polonium 
(Ef = +0-77 v.) given by Paneth and Hevesy and recalculated by one of us has no longer a 
sufficient experimental basis. We think, nevertheless, that this value is not very far from the 
true one and that the position assigned to this element in the table of the normal potentials, 
between tellurium and silver, is fairly correct, for the following reasons. (1) The potential 
measured in 10-*Nn-solution, which was used for the extrapolation, is the same on gold anc silver, 
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and the deposition velocities on other, less noble metals, agree with those given by the potential 
curve. (2) It is fairly reproducible and is independent of the origin and the previous treatment 
of the metal, as well as of the acidity, within large limits. (3) It is sharply defined, the amounts 
deposited below this potential being negligible. (4) An equilibrium distribution which can be 
obtained either by deposition or by dissolution corresponds to each potential, i.e., the deposition 
process is a reversible one (Haissinsky, J]. Chim. physique, 1933, 30, 27). (5) The behaviour of 
polonium salts towards various reducing agents is, compared with that of other metals, in 
agreement with the position between tellurium and silver (Guillot and Haissinsky, Bull. Soc. 
chim., 1935, 2, 239). (6) Finally, the extrapolation from the potentials of the neighbours of 
polonium in the periodic system is not inconsistent with the above conclusion. 

One can understand from the recent paper of Johnson, Leininger, and Segre (J. Chem. 
Physics, 1949, 17, 1) that the arguments (3), (4), and (6) are also valid for the cathodic potential 
of astatine on gold. The value found by these authors in 10-*N. solution is + 1-22 v., referred 
to the hydrogen electrode. Here an additional uncertainty is involved since the valency of 


the positive ions is not known. It seems, in any case, that astatine is not only the most noble 
metalloid, but also one of the most noble metals. 


INSTITUT DU RapiIuM, Paris. [Read, April 1st, 1949.] 





S85. Radioactive Halogens and the Mechanism of 
Replacement Reactions. 


By E. D. HuGuHEs. 


In investigations of the mechanisms of nucleophilic replacement reactions, useful 
simplifications are introduced by examining “‘ symmetrical’ exchanges of the form 


X + R-X —> X-R + X, and in this connection experiments with radioactive halogens have 
proved of the greatest value. 


For reactions with halide ions, the rates of exchange and of racemisation of optically 
active organic halides have been compared, and it is concluded that substitution by the 
bimolecular mechanism (Sy2) is accompanied by inversion of configuration. The application 
of the result to the general problem of the Walden inversion is considered. 

It has been shown that the phenomenon of steric hindrance is associated with the bimolecular 
mechanism. The exchange rates for common organic halides are discussed in relation to a 
semi-quantitative theoretical treatment of the effect. 


e existence of a one-stage, bimolecular mechanism of rearrangement in anionotropic 
systems (S,2’) has been demonstrated. 


THE substitution reactions considered in this paper generally fall into the nucleophilic class 
(Sx) of heterolytic processes, e.g., 


Y: + Ri-X—> Y-R + :X (Sy) 


the dots representing electrons and the vertical, broken line the position of bond fission. Four 
types of such changes are possible, the distinction depending on the states of electrification of 
Y and X (Hughes and Ingold, J., 1935, 244). Our discussion will be mainly concerned with 
the case where Y is negative and X is neutral. The alkaline hydrolysis of alkyl halides 
(Y: = OH, X = halogen) is a familiar example of a reaction of this particular form. 

It has been shown that there are two distinct mechanisms of nucleophilic substitution 
(Hughes, Ingold, and co-workers, papers published mainly in this Journal since 1933). The 


first is a one-stage mechanism, involving a synchronous electron transfer from Y to R and 
from R to X, e.g., 


HO + R-Cl—> HO-R + Cl (Sy2) 


Since both reactants are simultaneously involved, this mechanism is termed “ bimolecular.” 
The second mechanism is a two-stage process, wherein a rate-determining fission of R—X is 
succeeded by a reaction between the carbon cation formed and the substituting agent, ¢.g., 


(slow) o 
R-Ci——_>k +a 
- + (apd (Sx) 
HO + R———-> HO-R 





YiiM 





[1949] the Mechanism of Replacement Reactions. S 401 


al Although the importance of solvation in ionic dissociation is recognised, this mechanism is 
t termed ‘‘ unimolecular,” because only one reactant, R-X, is undergoing covalency change in 
. the rate-determini:ig stage. 


s Mechanisms of this type are widespread in organic chemistry and it is important to establish 
as fully as possible their characteristic properties. For the purpose of investigating the basic 
a features of the mechanisms and their application to special problems, useful simplifications 
“ are introduced by examining “‘ symmetrical ’’ exchanges of the form 
. X + R-X—> X¥-R + X 

and in this connection experiments with radioactive indicators have proved of the greatest 
n. value. 
al First, let us consider the question of the stereo chemistry of a simple replacement reaction 
od at a saturated carbon atom, e.g., CabcX——>CabcY. The early concept of this, namely, 
of the naive assumption that the new substituent (Y) would replace the extruded atom or group 
le (X) directly, i.e., without configurational change, was rudely shaken by the classical work of 


Walden and others (Ber., 1895, 28, 1287, and subsequent papers). For the purpose of 
demonstrating the existence of the phenomenon of the Walden inversion, two main methods 
have been employed. The first involves the conversion of an optically active compound into 
its enantiomorph by means of two or more reactions, e.g. (Walden, Ber., 1896, 29, 133): 


Ag,O PCI 
(—)-Chlorosuccinic acid ———> (—)-Malic acid ———> (+)-Chlorosuccinic acid 
& Hy 

The second method depends on the conversion of an optically active compound into enantio- 
morphous derivatives by the use of different reagents, e.g. (idem, ibid., 1897, 30, 3146) : 


Ag,O 
——> (—)-Malic acid 
(—)-Chlorosuccinic acid J * 4:0 


KOH 
——> (+)-Malic acid 


These and many similar cases clearly establish the occurrence of inversion, but two or more 
reactions are needed to provide the demonstration; and, because of the difficulty of relating 
sign of rotation to configuration, it is not possible to decide from such results where the inversion 
occurred, much less how it occurred. The identification of the configurational change with any 
one stage in the first method, or with any one reagent in the second, has been the subject of 
much speculation, mostly unfruitful (for a summary of the literature see especially J., 1937, 
1196, and Trans. Faraday Soc., 1938, 34, 202). 

The factors which control the steric orientation of substitution must be dependent on reaction 
3s mechanism, ‘and therefore developments in our knowledge of the kinetics and mechanism of 
replacement reactions were accompanied by advances in our stereochemical concepts: the 
stereochemical question is but a special feature of the general problem of the exact course of 
these changes. On the basis of considerations relating to unsymmetrical substitutions, it was 


ar suggested that replacement by the one-stage mechanism (S,2) is invariably accompanied by 
of inversion of configuration, while the two-stage mechanism (Syl) may give rise, depending on 
th structural influences, either to retention of configuration or to racemisation, possibly with a 
2s predominating inversion (Hughes and Ingold, J., 1935, 244; cf. subsequent papers, especially 


Cowdrey, Hughes, Ingold, Masterman, and Scott, j., 1937, 1252, where full references are 
given). It was important at this stage of the investigations to obtain conclusive evidence of 


mn - 
1e inversion by the single-stage mechanism (Sy2). If we consider the reaction X + R-X — > 
id X-R + X, where X is halogen, the rates of bimolecular replacement can be directly determined 


by the radioactive indicator method. Optically active halides being used, the loss of activity 
which occurs may then be followed for the same structures under the same conditions, and the 
rates of replacement can be deduced on the assumption that every individual act of substitution 
he gives inversion. If the rates of replacement calculated by the two methods are identical, the 
is assumption made concerning the stereochemistry of the process must be correct. This test 
was carried out first in collaboration with Dr. B. Topley and his co-workers. For three 
structures, chosen to be as representative as possible, viz., sec.-octyl iodide, 1-phenylethyl 
bromide, and a-bromopropionic acid, the results obtained by the two methods (for the reactions 
with halide ions in acetone at a given temperature) gave identical replacement rates to within 
the experimental errors (Hughes, Juliusburger, Masterman, Scott, Topley, and Weiss, /., 
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1935, 1525; 1936, 1173; Cowdrey, Hughes, Nevell, and Wilson, J., 1938, 209). In a detailed 
investigation referring to the sec.-octyl bromide structure at several temperatures, the previous 
conclusion has been fully substantiated (C. C. Evans, J. Graham, E. D. Hughes, and S. Sugden, 
unpublished). 

For replacement reactions of the general form Y + R-X ——> Y-R + X, the stereochemical 
results have been deduced by more complicated means (Hughes, Ingold, and co-workers, /,, 
1937, 1196 et seg.; J., 1940, 1010) and the conclusion that the bimolecular mechanism leads 
to inversion of configuration has been established generally. The result is so definite that it 
may be made the basis of a convenient method of relating sign of rotation to configuration in 
reactants and products; the stereochemical consequences of substitution by other reaction 
mechanisms, particularly the two-stage unimolecular mechanism, may then be deduced from 
kinetic and optical experiments. In this way, the occurrence or non-occurrence of inversion 
in the reciprocal replacements of halogen by hydroxyl, and similar substitutions, has been 
related to reaction mechanism and its determining factors, structure and experimental 
conditions, and a rational picture of the phenomenon has emerged (see especially Cowdrey, 
Hughes, Ingold, Masterman, and Scott, Joc. cit.). 

The theoretical basis of the inversion mechanism in bimolecular substitution is considered 
with the next example. 

Our second illustration of the use of radiohalogens in studies of reaction mechanisms concerns 
steric hindrance. The term “steric hindrance’ has often been used as an omnibus 
representation for a variety of phenomena, and a clarification of the position is desirable. The 
combined factors which have been thus described include ortho-group chelation, specific 
transmission effects of polar influences from various positions in the aromatic nucleus, and, 
especially, inhibition of mesomerism effects (cf. Quart. Reviews, 1948, 2, 107). These factors 
are being studied in researches in progress at University College, London, but initially it was 
considered desirable to eliminate such special effects. Thus, it was advisable to begin the study 
in the aliphatic system, and an important feature of the method adopted was to include in the 
investigation alkyl groups for which steric effects could be considerable while polar factors were 
minimised by relay through a saturated carbon atom. Here again, our main thesis was that 
the operation of steric effects must be intimately connected with reaction mechanism (Dostrovsky, 
Hughes, and Ingold, J., 1946, 173). 

The rates of nucleophilic replacement of halogen by the two principal mechanisms were 
determined for graded series of the type: 


MeBr, CH,MeBr, CH,Me-CH,Br, CHMe,°CH,Br, CMe,*CH,Br 


and, whilst no indication of an appreciable steric factor could be found for the unimolecular 
mechanism, evidence of considerable effects was obtained for the bimolecular one-stage 
mechanism, and a relation between the magnitudes of the steric influences and the structural 
features of the examples was traced. A qualitative theoretical interpretation is not difficult to 
conceive. In the transition state of the bimolecular mechanism five groups are wholly or partly 
attached by covalency forces to a single carbon atom, a circumstance which may give rise to 
repulsion between the groups. Unimolecular reactions on the other hand never entail the 
covalent attachment (wholly or partly) of more than four groups to the reactive carbon atom, 
the additional forces involved in the transition state of the rate-determining ionisation being 
of the longer-range electrostatic type associated with solvation. 

It was clear from these results that further advance lay in the direction of a detailed 
examination of data for the one-stage mechanism, and a more precise analysis was made in the 
following way, subsequent measurements with radioactive halogens being a feature of the 
treatment. In a process occurring through a transition state of the type 


| 
Y a* 
the energies of the links Y—-Ca and Ca—X will be important but account should also be taken of 
the ‘‘ non-bonding ’”’ forces between atcms which are not directly linked. These additional 
forces are often sufficiently weak to be neglected, but in special structural circumstances non- 
bonded atoms are brought so close together that the non-bonding energy is of comparable order 
of magnitude to the bonding energy, and in these circumstances steric hindrance may be said 
to be in operation. It can be shown that non-bonding energies of initial states are usually 
less important, and that steric factors can generally be estimated in terms of the compression 
energies between non-bonded atoms in the transition state of reaction. Failure to realise that 
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transition-state models are more important than the familiar molecular models of the organic 
chemist has been one of the obstacles in the development of precise ideas of steric hindrance. 
A more quantitative treatment is then developed along the following lines : 


R’ R’ ¥ 


Ce (tl) 
Y.---.C.--- x (I.) ~ 
 g ‘Rew pi RX 


The linear transition state (I), leading to configurational inversion, will have a smaller energy 
than states such as (II), which correspond to retention of stereochemical form, mainly because 
of the small interaction between the electrons of the linearly split bond and those of the full 
bonds. The most favourable state arises when the nuclei of the substituting atom, of the 
carbon atom at which substitution takes place, and of the displaced atom, lie on or near a 
straight line, whilst the nuclei of the other three atoms to which Ca is covalently bound lie on or 
near a plane which passes through Ca and is perpendicular to this line. For atoms or groups 
attached to Cg an orientation about the Ca—Cg bond is assumed such that the non- 
bonded internuclear distance which falls furthest below the corresponding van der Waals 
distance will bea maximum. All single bonds are assumed to have normal length, corresponding 
to summed covalent radii. The lengths of the bonds Y-Ca and Ca—-X are estimated in first 
approximation by adding the covalent radius of carbon to the mean of the covalent and negative 
ionic radii of Y or X. If models consisting of an exact straight line and a perpendicular plane are 
assumed, which is strictly appropriate only for the transition states of symmetrical halogen- 
exchange reactions involving “ trigonally symmetrical” structures of the form R,CX, the 
distances (‘‘ model distances ’’) between the nuclei of the entering or displaced atoms and those 
of the other atoms of the alkyl structures can be calculated. By substracting the “‘ model 
distances ’’ from the “ touching distances,” i.e., from the sum of appropriately determined 
van der Waals radii for the pairs of atoms involved, the “‘ compressions’’ relating to the 
transition states are obtained in respect of the model distances which are shorter than the 
touching distances. 

In the first five rows of the following table, we give the compressions (in A.) for the bromine- 
exchange reaction, Br + R*Br ——> Br’R + Br, for the pairs of atoms and the alkyl groups 
shown (Dostrovsky, Hughes, and Ingoid, Joc. cit.). The figures in parentheses are the number 
of such compressed distances involved in each case : 


Me. Et. Pr*. Buf. neoPentyl. 
— ee 0-13(6) 0-13(4) 0-13(4) 0-13(4) 0-13(4) 
CF ne OF casnctinecoeise — 0-22(2) 0-22(2) 0-22(2) 0-22(2) 
a ee ~ 0-58(2) 0-58(2) 0-72(1) _ 
Cope et BP i dosccvseesess a = 0-0 0-48(1) 1-05(2) 
Wy we ae BF acasccssneiioss —_ —_ 0-0 0-34(4) 0-98(4) 
WO Rg scstsndecesaacocrsccenes 13,400 165 109 5-9 0-003 


It will be observed that appreciable compressions are indicated for all members except methyl, 
and that the position of neopentyl is particularly striking, this group alone in the series 
considered being involved in compressions of the order of 1 a. The last row of the table records 
some experimental results obtained by Dr. P. B. D. de la Mare in unpublished investigations 
(cf. de la Mare, England, Fowden, Hughes, and Ingold, J. Chim. physique, 1948, 45, 236) ; 
k, is the second-order rate coefficient (in sec.~! g.-mol. 1.) for the bromine-exchange reaction at 
25°.* It seems clear even at this stage in our analysis that the marked inactivity of the 
neopentyl halides in bimolecular substitution is to be attributed mainly to the large steric 
factor associated with this structure. 

The next step is that of assessing compressions in terms of energy. This is a difficult 
development partly because of the imperfections in our knowledge of the laws of force between 
atoms at small distances. Using a repulsive potential-energy function due to Born and 
Mayer (Z. Physik, 1932, 75, 1), Dostrovsky, Hughes, and Ingold obtained the following steric 
energies, E, (in kcals.), for bimolecular bromine exchange : 


Me. Et. Pr*. Buf. neoPentyl. 
BE. cptinsecenptabacncelescoe 0-0 0-7 0-7 2-3 11-7 
Selig iccebedichucsuiice 0 1-7 1-6 3-1 6-2 


* In some cases the figures are calculated from experimental results at other temperatures. 
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In the reactions of methyl halides, the contribution of steric hindrance is negligible, as already 
indicated. By subtracting the observed activation energy for methyl (in bromine exchange) 
from those for the other alkyl groups, we obtain differences, E,—Ey, (in kcals.; second row 
of table), which should contain the steric energy, together with possible polar factors, which 
are expected to exert but a small contribution to the increase of activation energy from ethyl 
to neopentyl. The calculated values, E,, are obtained on the basis of trigonally symmetrical 
models, assuming no adjustment from the strictly linear configuration described, and they 
are expected to be rendered too large by this simplification. In the case of the neopentyl 
group, for example, since two of the valencies of C, are linked to hydrogen atoms, a considerable 
reduction of steric energy (due to the a-tert.-butyl substituent) may result from a departure 
from the “‘ straight line and perpendicular plane ’’ configuration, but it is difficult to assess the 
advantage at present. It may be concluded from the comparisons that theory and experiment 
indicate a similar variation of steric hindrance energy with structure, and the differences 
between the calculated and observed figures may well be due largely to the absence in the 
calculations of any corrections for the bending factor mentioned. Extensions which are in 
hand are expected to refine the treatment. 

A qualitative similarity of steric effects is to be expected of many of the common nucleophilic 
substitutions involving comparatively simple anionic reagents such as halide or hydroxide 
ions, for it is found that the calculated compressions are not very sensitive to changes in the 
size of the entering and displaced atoms (Dostrovsky, Hughes, and Ingold, Joc. cit.), This is 
confirmed by extensive experimental results, referring to numerous alkyl structures and 
various symmetrical and unsymmetrical halogen exchanges, together with other simple 
nucleophilic replacement reactions, which have lately been carried out (de la Mare et al., 
loc. cit. and unpublished investigations). In the case of larger and more complex radicals, a 


steric dependence on the nature of the expelled group (e.g., X = NR,) and the nucleophilic 
reagent (e.g., Y: = NR,) is to be expected. These types of replacement reactions are also 
under investigation in concurrent researches at University College, London. 

The third illustration, which we shall give only in outline, of the use of radio-halogens in 
studies of reaction mechanism in organic chemistry concerns the subject of anionotropic change. 
There is strong evidence that the main course of this reaction is related to the unimolecular 
mechanism of simple substitution, ionisation being the rate-determining process (Burton and 
Ingold, J., 1928, 904; Burton, ibid., p. 1650; 1934, 1268). In this instance a mesomeric 
cation is formed and recombination with an anion may take place in either of two alternative 
positions. Clearly, if the anion with which the carbonium ion recombines is of the same kind 
as that originally eliminated, an isomeric rearrangement may result : 


= —_ >. 
R-CHX-CH=CH, == X + [R-CH-CH~CH,]+ —=— R-CH=CH-CH,-X 


However, combination with another anion, Y, would lead to substitution with or without 
rearrangement. Therefore, in this mechanism, isomeric rearrangement is to be regarded as a 
particular case of substitution with rearrangement, and the substitution mechanism itself is a 
special case of the unimolecular type (Sy1). 

For substitution without rearrangement, there is an obvious alternative mechanism, 
namely, the common one-stage bimolecular mechanism (S,y2); and the point with which we are 
chiefly interested now is the suggestion (Hughes, Trans. Faraday Soc., 1938, 34, 185) that there 
may be a one-stage bimolecular mechanism with rearrangement (S,2’) : 


R-CHX-CH=CH, + Y —— X + R-CH=CH-CH,-Y (S,2’) 


As written, this is a possible mechanism for substitution with rearrangement, but, when Y = X, 
it is also a feasible mechanism for isomeric rearrangement. Previous attempts to obtain 
evidence for or against this mechanism have been based mainly on the detection or isolation of 
substitution products formed with rearrangement (S,2’) in the presence of predominating 
substitution without rearrangement (S,2). The fact that, depending on structural factors, 
both negative and positive evidence for the operation of mechanism S,2’ has, in this way, 
been obtained in different examples is not, of course, fundamentally inconsistent; the relative 
importance of mechanisms S,2 and S,2’, on which the method rests, is expected to vary with 
structure in an understandable way (see especially, Catchpole, Hughes, and Ingold, J., 1948, 8; 
Kepner, Winstein, and Young, J. Amer. Chem. Soc., 1949, 71, 115). The existing data are not, 
however, wholly convincing. 








poe, ee we Mr 4 





[1949] Studies with Radioactive Penicillin. S 405 


With the aid of radio-halogens, this question may be conclusively settled. Bimolecular 
exchange without rearrangement (S,2) is not a complicating issue in symmetrical substitution 
(the product of such a reaction being identical for ordinary purposes with the reactant), while 
bimolecular isomerisation may be investigated directly and compared as to rate with the normal 
exchange (S,2) determined by the tracer method. Unpublished work of a preliminary nature 
by Mr. B. D. England has shown that mechanism S,2’ exists, but it is not sufficiently facile 
in simple structures to compete successfully with the ordinary bimolecular mechanism of 
substitution without rearrangement (S,2) and for most conditions of anionotropic change it is 
not as important a mechanism of rearrangement as the ionisation mechanism in the halide 
systems (cf. de la Mare et al., loc. cit.). 


Str WILLIAM RAMSAY AND RALPH FORSTER LABORATORIES, 
University COLLEGE, Lonpon, W.C.1. [Read, April 1st, 1949.} 





S86. Studies with Radioactive Penicillin. 


By S. Rowranps, D. Row tey, and E. Lester SMITH. 


Penicillin labelled with **S has been prepared by growing the mould on a medium containing 
a low concentration of inorganic sulphate as the only source of sulphur. A high conversion of 
sulphur into penicillin was achieved, making it possible to detect as little as 0-002 International 
Unit by measuring the radioactivity. By this method penicillin can be detected in small 
concentrations at hitherto inaccessible sites. 

The product has been used to measure the amount of penicillin taken up by sensitive 
bacteria and to trace the fate of penicillin when administered to experimental animals. 


THE study of the fundamental mode of action of penicillin on bacteria is beset with difficulties 
owing to the small amount of material involved. The uptake of penicillin by bacteria cannot 
be detected by biological methods since these depend on the penicillin being in solution. 
Attempts to observe a reduction in penicillin concentration caused by absorption by bacteria 
have been unsuccessful. As a result it is not known whether penicillin acts directly on the 
organisms themselves or whether it deprives them of some vital substance by reaction in the 
external environment. The incorporation of a radioactive tracer in molecules of penicillin has 
improved many-fold the accuracy of estimation and made possible the detection of penicillin 
in hitherto inaccessible places. This synthesis has made it feasible to study the interaction of 
the drug with bacteria themselves (Rowley, Miller, Rowlands, and Smith, Nature, 1948, 161, 
1009) and to trace the fate of penicillin in the body after different types of administration 
(Rowlands, Rowley, and Stewart, Lancet, 1948, II, 493). 

The first suggestion for the preparation of the radioactive penicillin was to incorporate 
phenylacetic acid containing “C into the medium on which the mould was grown (Smith and 
Bide, Biochem. J., 1948, 42, xvii). The use of the carbon isotope was abandoned in favour 
of *S, mainly because the latter was available, but also because work at the Glaxo Laboratories 
had indicated that Penicillium notatum would grow on a medium containing a low concentration 
of inorganic sulphate as the only source of sulphur. It was necessary to use penicillin of the 
highest possible specific activity since preliminary biological experiments had shown that 
susceptible bacteria would take up only minute amounts of penicillin, if any at all. The mould 
was grown on a medium similar to that recommended by Jarvis and Johnson (J. Amer. Chem. 
Soc., 1947, 69, 3010), but with the sulphur content reduced by 75%. This had the effect of 
sacrificing total yield of penicillin in favour of high conversion of sulphur. For the first 
synthesis 100 microcuries of *S were available in 0-014 mg. of sulphur. To produce the 
minimum workable quantity of medium it was necessary to dilute this with inactive material, 
to give a total of 0-109 mg. of sulphur. The resultant 2 ml. of medium was diluted with 1 ml. 
of water to compensate for losses due to evaporation. 

The medium containing the radioactive sulphate was autoclaved in a 50-ml. conical flask, 
inoculated with the mould, and shaken for four days in an incubator at 24°. After filtration 
the broth was cooled nearly to freezing point, acidified with 1 ml. of 0-1nN-hydrochloric acid and 
extracted with ether. The ethereal extracts were then re-extracted into dilute phosphate 
buffer at pH 7-5 containing 0-1% of sodium hexametaphosphate to stabilise the penicillin 
(Smith, Quart. J]. Pharm., 1946, 19, 309). The solution was finally adjusted to pH 6 and 
aerated to remove ether. The yield of this first synthesis was 250 I.U. of penicillin, representing 
a 12% conversion of sulphur in the broth into penicillin with an activity of 0-05 microcurie 
per I.U. Subsequent syntheses have produced penicillin with activities as high as 0-1] 
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microcurie per I.U. and with sulphur conversions as high as 20%. It is interesting to note 
that the presence of ionising radiations did not adversely affect the growth of the mould. 
Control experiments showed that, if anything, production of penicillin was enhanced. An 
approximate calculation indicates that the exposure of the mould would amount to about 
100 rep (roentgens equivalent physical). 

The specific activity produced does not represent the highest attainable, since the radioactive 
sulphur had first to be diluted with inactive material. When stronger sources are available, 
the activity might be increased by a factor of five but at that concentration there might be 
deleterious effects of the radiations on the mould. 

The radioactivity was measured by means of a Geiger—Miiller counter with a thin mica 
window. ‘The counter was filled with helium at atmospheric pressure, so that the 2-5-mg./sq.cm. 
window did not need support and the efficiency of detection was increased. With such soft 
8-radiations as from *S allowance has to be made for absorption of the electrons in the sample 
itself. The use of “ infinitely thick ’’ samples was rejected owing to the lower sensitivity for 
the very weak activities expected in the subsequent experiments. Instead, a curve was 
experimentally derived relating loss from self-absorption with weight per unit area of the 
source of radiation. It was possible in the majority of the experiments to use samples such 
that this correction was less than 10%. Taking into account statistical errors of counting and 
errors in making the absorption correction, it was found possible to measure 0-002 I.U. of 
penicillin by its radioactivity, with an accuracy of 5%, by counting for one hour. 

With the best biological method it is possible to measure as little as 0-03 I.U. with an 
accuracy of 20%. 

Experimental Work using Radioactive Penicillin—The radioactive penicillin has so far 
been used in two types of investigation: one an attempt to detect an uptake of penicillin by 
susceptible bacteria (Rowley et al., loc. cit.), and the other a study of the absorption and 
excretion of penicillin in experimental animals (Rowlands et al., loc. cit.). 

In the first investigation a measured amount of radioactive penicillin was added to a thick 
suspension of Staphylococcus aureus in broth. At definite intervals up to 24 hours small 
fractions of the suspension were removed, filtered through ‘‘ Gradocol”’ membranes, and 
washed through with water. Aliquot portions of these filtrates were taken, dried on sample 
holders, weighed, and counted. Any uptake of penicillin by the bacteria should be shown by 
a decrease in the concentration of penicillin, in the filtrate. In spite of the killing of 95% of the 
bacteria in the suspension by the penicillin uptake could not be detected with certainty. From 
these results it was concluded that the absorption of penicillin probably amounted to less 
than ten molecules per bacterium. The objection to investigating the activity of the 
filtration residue was that, being bulky, it might cause considerable ‘self-absorption of the 
radiations. By using penicillin of high specific activity and keeping a careful check on self- 
absorption, it has been possible recently to examine the bacteria themselves for radioactivity. 
With this direct approach a definite uptake could be detected. This is of the same order of 
magnitude as the lower limit expressed above, but it is less equivocal, in view of the difficulties 
of measuring the numbers and sizes of bacteria, to express the uptake in terms of units of 
penicillin per gram dry-weight of bacteria. The uptake was found to vary with the strain of 
organism and with its sensitivity to penicillin, amounting, on the average to 5 I.U./gm. dry- 
weight of bacteria (Cooper and Rowley, Nature, 1949, 168, 480). Experiments are being 
continued in the Wright-Fleming Institute in an attempt to determine the actual site of 
absorption in the individual bacterium. 

The second problem studied relates to the absorption and excretion of penicillin in 
experimental animals (Rowlands e¢ al., loc. cit.). Penicillin is rapidly excreted, and up to 70% 
is found unchanged in the urine. The fate of the remainder (whether it remained in the body 
or was excreted as breakdown products) was unknown. Radioactive penicillin was administered 
to female cats rendered docile by a mild anesthetic. Samples of urine were examined for 
radioactivity and also for unchanged penicillin by means of a biological assay. Immediately 
the dose had been given, the bladder was emptied by a glass catheter, and this sample discarded. 
Thereafter the animals were catheterised at regular intervals for 8—10 hours. 

The Figure shows the recovery plotted against time of both radioactive sulphur (S*) and 
unchanged penicillin, for both intramuscular injection and oral administration. When the 
penicillin was given intramuscularly, all the radioactivity was recovered in the urine after 
8 hours. The biological assay showed that only a fraction of the sulphur excreted was still 
in the form of penicillin. This made it clear that the penicillin breakdown products were 
excreted as rapidly as the penicillin itself and that there was no retention in the body. 
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When penicillin was given by mouth, by no means all the penicillin or breakdown products 
appeared in the urine. To investigate this further, one cat was killed 6 hours after oral 
administration of radioactive penicillin. Of the original’ radioactivity 60% still remained in . 
the gut, whereas 25% had appeared in the urine. It is thus probable that the low efficiency of 
orally administered penicillin is due to non-absorption from the lumen of the gut and that, once 
it has crossed the intestinal wall, it behaves similarly to injected penicillin. It is suggested 
that the low absorption of orally administered penicillin is due to purely mechanical causes and 
that there is no fundamental difference in this respect between penicillin and other drugs. 
This question is to be investigated further. 
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The exact nature of the penicillin-breakdown products is of interest. Two of the possibilities 
are penicillamine and penicilloic acid. This question is being followed by tracer-dilution 
technique and by partition chromatography at the Wright-Fleming Institute. It may then 
be possible to throw some light on the site of decomposition of penicillin in the body, whether 
the breakdown occurs exclusively in some organ such as the liver or whether it occurs wherever 
penicillin is in contact with tissue fluids. 


Puysics DEPARTMENT, St. Mary’s Hospitat Mepicat ScHoor, Lonpon, W.2. 
WRIGHT-—FLEMING INSTITUTE OF MICROBIOLOGY, 

St. Mary’s Hospitat, Lonpon, W.2. 
GLaxo LABORATORIES, GREENFORD, MIDDLESEX. [Read, April 1st, 1949.] 
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S87. Radioactive Tracers in Antisera. 


By F. D. S. BuTEMENT. 


Methods hitherto used in studying the action and location of antisera include coupling with 
dyes or fluorescent materials. Radioactive tracers, however, obvious advantages, and 
it has been found possible to introduce radio-iodine into the globulin fraction of an antiserum 
without destroying its specific — A rties, if the mean number of iodine atoms 
per globulin molecule is limited to about 3. greater amounts of iodine there is a gradual 
falling off of antiserum agglutinating activity, owing to substitutions in the tyrosine residues, 
and oxidation of the globulin. The amount of iodine radioactivity carried on bacteria 


(Proteus vulgaris) when agglutinated by the specific antiserum can be used to measure the 
amount of agglutinin in the serum. 


THE active fractions of antisera, responsible for specific agglutination and other effects, can 
be separated by electrophoresis with the gamma-globulin. In mixtures of proteins, such as 
whole sera, an approximate estimate of the agglutinating activity can be made by the well- 
known technique of determining the agglutinating effect of the serum over a suitable range of 
dilutions. A qualitative tracer technique in which the antiserum is coupled with coloured 
or fluorescent molecules has been used by Marrack (Nature, 1934, 188, 292), Coons et al. (Proc. 
Soc. Exp. Biol. Med., 1941, 47, 200; J. Immunol., 1942, 45, 159), and by McClintock 
and Friedman (Amer. J. Roentgenol., 1945, 54, 704). 

The use of a radioactive tracer would offer obvious advantages in ease of location 
and measurement, and it has been found possible to introduce radio-iodine into the globulin 
molecule of an antiserum without seriously impairing the agglutinating power. Measurements 
of the radioactivity in iodinated Proteus vulgaris rabbit antiserum globulin have been used to 
estimate the mean number, n, of iodine atoms substituted into the globulin molecule (assuming 
mol. wt. 156,000) and the amount of iodinated globulin deposited on the bacteria when 
agglutination occurs. The antisera used contained H(flagellar)- or O(somatic)-agglutinins. 

Conclusions and Discussion.—(a) For values of » up to 10, there is little change in the time 
necessary for the agglutination of bacterial H-antigen into large floccules. For n = 30—100 
the time is greatly increased and the floccules become smaller. 

(b) The percentage of the total radioactivity which can be precipitated by using an excess 
of bacterial suspension remains approximately constant for values of m up to 3 and then begins 
to decrease with increasing m. Some typical results are given below, for an H-antigen. 


A control with normal rabbit globulin gave only about 1% of precipitable radioactivity, 
which may have been due to naturally occurring agglutinins in the serum. 

The retention of agglutinating properties when m is small is not, in itself, proof that the 
agglutination is due to iodinated globulin, since, if iodine atoms are substituted at random into 
the globulin, a considerable proportion of the globulin molecules will escape iodination altogether. 
However, the removal of radioactivity by the precipitated bacteria indicates a specific reaction 
also with iodinated globulin. As m increases, the proportion of un-iodinated globulin becomes 
very small, so that agglutination can only be attributed to iodinated globulin. 

The iodine substitutes into the tyrosine residues (Bauer and Strauss, Biochem. Z., 1929, 
211, 163; Kleczkowski, Brit. J]. Exp. Path., 1940, 21, 98). 

If iodine atoms are substituted at random into the tyrosine residues, of which there are 
about 58 per globulin molecule, then if » < 58 the percentage of globulin molecules containing 
m iodine atoms will be 100n"e-"/|m. This percentage is tabulated below for certain values 
of » and m, to illustrate how the amount of un-iodinated globulin decreases as m increases. 
On iodination of the globulin, the amount of iodine substituted was always about 20%, the 
remainder being converted into iodide. Since for each iodine atom substituted into a tyrosine 
residue there will be one atom converted into iodide, it follows that about 60% of the iodine 
must be reduced in some other reaction, i.e., the number of iodine atoms acting as an oxidising 
agent is approximately 3m. It appears a reasonable supposition that the percentage of activity 
precipitated when » approaches zero represents the total agglutinin in the globulin. It should 


therefore be possible to adapt the technique for the accurate standardisation of a considerable 
variety of antisera. 
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m. 

n. 0. 1. 2. 3. 4 5. 6. 
1 36-8 36-8 18-4 6-1 1-5 0-3 0-05 
2 13-5 27-1 27-1 18-0 9-0 3-6 1-2 
3 5-0 14-9 22-4 22-4 16-8 10-1 5-0 
8 0-03 0-27 1-1 2-9 5-7 9-2 12-2 


(c) By estimating the amount of O-agglutinin required just to precipitate a known number 
of bacteria in an O-antigen, it is found that the quantity required corresponds roughly to the 
formation of a unimolecular layer of globulin on the bacteria, there being about one globulin 
molecule to each 9000 a.* of bacterial surface. According to Neurath (J. Amer. Chem. Soc., 
1939, 61, 1841) the rabbit antibody globulin molecule is elongated with minor axes 37 A., major 
axis 274 A. 


EXPERIMENTAL. 


Preparation of Antigens.—The bacteria were centrifuged out of a 24-hour Proteus vulgaris broth 
culture, washed several times, and finally suspended in m/15-phosphate buffer of pH 7. The H-antigen 
was prepared by treating part of the suspension with 1% v./v. of formalin, the O-antigen by heating 
for a few minutes to 100°. The number of lnectedia per ml. was found by counting with a hemocytometer. 

Preparation of Globulins.—64 Ml. of rabbit Proteus vulgaris HO (mainly H) antiserum, prepared by 
the usual technique, were diluted to 400 ml. with m/15-potassium phosphate buffer of pH 7, and 88 g. 
of sodium sulphate added. The solution was kept at 30—40° for 30 minutes with constant stirring. 
The precipitated globulin was filtered out (suction), dissolved in 100 ml. of phosphate buffer, 
reprecipitated with 22 g. of sodium we omg filtered out, washed with a 22% solution of sodium sulphate 
in phosphate buffer, and finally dissolved in 50 ml. of phosphate buffer. An O-antiserum and normal 
serum were similarly treated. 

The globulin contents of the solutions were found by determining total nitrogen by the Kjeldahl 
method and assuming this to be 16% of the weight of globulin. 

Preparation of Radio-iodine.—About 10 microcuries of carrier-free 8-day I solution was mixed 
with 1 mg. of potassium iodide and oxidised with a slight excess of potassium dichromate and sulphuric 
acid. The dichromate was then reduced with an excess of oxalic acid, and the iodine distilled over 
into a few ml. of water. The iodine content (about 0-1 mg./ml.) was determined colorimetrically, and 
the activity in counts per minute per ml. by treating an aliquot portion with very dilute sodium hydroxide 
solution and evaporating it to dryness on a por ber} wp holder for counting. The weight of all 
samples counted was small, obviating any correction for Peay on of the B-particles. 

odination of Globulins : Example.—5 Ml. of an HO-globulin solution containing 4-6 mg. of globulin 
per ml. were mixed with 7-5 ml. of a solution containing 0-104 mg./ml. of radio-iodine. The iodine 
colour eae in a few minutes. After 15 minutes the solution was dialysed through a collodion 
bag into phosphate buffer until, after 24 hours, radioactivity measurements indicated that 99-9% of 
the dialysable iodine had been removed. An aliquot portion of the iodinated globulin solution was 
evaporated to dryness for counting to determine the total iodine combined, which was 0-146 mg., or 
18-8% of the amount added, equivalent to an average of 7-7 atoms per globulin molecule. 

Agglutination tests were all carried out at 56°, with the usual technique. 

(a) 2 M1. of m/15-potassium phosphate buffer, pH 7, +1 ml. of H-antigen, +1 ml. iodinated HO-anti- 
serum globulin containing 0-22 mg. of globulin. 


Approximate Time for agglu- Approximate Time for agglu- 
n. tination, mins. Appearance. n. tination, mins. Appearance. 
1 5 Coarse floccules 30 30 Fine floccules 
3 5 on oe 100 120 ” ” 
10 5 ” ” 


(b) 1-8 Mg. of iodinated HO-antiserum globulin, or iodinated normal globulin as a control, was 
mixed with 1 ml. of normal rabbit serum (in order greatly to increase the amount of globulins present, 
and thus prevent non-specific adsorption on the bacteria, which otherwise occurs) and 50 ml. of 
H-Proteus antigen. After 2 hours for agglutination the bacteria were filtered out on a paper disc the 
size of a standard sample counting dish, washed with ee buffer, dried, and the radioactivity 
measured. The weight of dried bacteria was so small t no correction was made for self-absorption 
of the B-particles. 

The control, which had not agglutinated, was agglutinated by the addition of non-iodinated antiserum, 
and similarly treated. The filtrates were found incapable of causing further agglutination. 

(c) A solution of iodinated O-antiserum globulin containing 14-4 mg./ml. was found by the above 
method to contain 40% of agglutinins. Agglutination tests were carried out by adding a Proteus 
O-antigen containing 6-9 x 10" bacteria per ml., filtering after 24 hours, and testing the filtrate with 
further antigen to see if any agglutinin was still present. 


O-Antiserum globulin, ml]. ...........:ecseveereeeereceeeeeeees 0-10 005 002 001 0-005 0-002 
Phosphate buffer pH 7, ml. .............seecseseeeeeeeeeeeeeees 5 5 5 5 5 5 
PURSUE GRUBER, TE. occccecccessccovscocscsoccscsevesensponescons 1 1 1 1 1 1 
PTREREIOE, BO WOUES ......0.0cccscccccsccccsesccssccesconesces + + + + _ _ 
Agglutination by filtrate, with further 1 ml. antigen ... + ~ oS _ _ - 
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These results indicate that approximately 0-01 ml. of globulin solution is necessary just to agglutinate 
1 ml. of Proteus antigen. A surface area of 3u* being assumed for each Proteus bacterium, the total 
surface is 6-9 x 10° x 3 x 108a.2 = 2-1 x 10" a.?. 


The number of ag apne molecules is 14-4 * 0-01 x 0-04 x 6-06 x 1079/1000 x 156,000 = 


2-2 x 10'%. Consequently, the area occupied by each globulin molecule is about 9000 a.?. 
Results recently published by Pressman and Keighley (J. Immunol., 1948, 59, 141) confirm the 
conclusions reached on the retention of agglutinating activity after iodination. 


I thank Drs. R. F. Menzies and H. J. Bensted who prepared the antisera. Acknowledgement 


is made to the Director, Atomic Energy Research Establishment, for permission to publish these 
results. 


Atomic ENERGY RESEARCH ESTABLISHMENT, 
HarRwELL, Dipcot, BERKs. [Read, April 1st, 1949.] 





S88. Study of Fertiliser Uptake using Radio-phosphorus. 
By J. W. T. Spinks and G. Dion. 


Field experiments are described in which the uptake of phosphorus by plants was followed 
by means of **P. The relative values of various phosphate fertilisers are k 


RADIOACTIVE isotopes have long been used as tracers, and one of the earliest applications of 
the tracer method was in plant physiology. As early as 1923, Hevesy (Biochem. J., 17, 439) 
used a radioactive lead isotope, Th-B, to measure quantitatively the uptake of lead by bean 
plants. 

Some years later **P was used in qualitative soil and plant studies (Hevesy, Linderstrom- 
Lang, and Olsen, Nature, 1936, 187, 66; Brewer and Bramley, Science, 1940, 91, 269; Ballard 
and Dean, Soil Sci., 1941, 62, 173), and still later *P was used for quantitative 
studies of phosphate-fertiliser uptake by wheat plants (Spinks and Barber, Sci. Agr., 1947, 
27, 145; 1948, 28, 79; Spinks, Dion, Reade, and Dehm, ibid., p. 309; Proc. Auburn 
Conference, Dec. 1947, Edwards Brothers, Ann Arbor, 1948). By combining the radioactive 
measurement of fertiliser uptake with the measurement (by ordinary chemical methods) of 
total phosphorus uptake, the uptake of soil phosphorus could be determined by difference. 
In the past, the recovery of phosphate fertiliser by any crop has been determined by a comparison 
of the uptake of phosphorus by crops grown with and without fertilisers. The extra phosphorus 
in the fertilised crop was taken as the quantity coming from the fertiliser. The method assumes 
that fertilised and unfertilised crops take up the same amount of soil phosphorus, and some 
tracer experiments indicate that this may not always be the case (Spinks and Barber, Jocc. cit. ; 
Spinks, Dion, Reade, and Dehm, Joc. cit.). 

The general procedure is to convert the radioactive phosphorus, diluted with a large amount 
of inactive phosphorus, into the desired form of phosphate fertiliser. Care is taken that the 
*1P and *P are in the same chemical form and intimately mixed, e.g., radioactive ammonium 
phosphate fertiliser is made by adding phosphoric acid of high specific activity to a solution of 
inactive ammonium phosphate and subsequently evaporating this solution to dryness with 
stirring. 

In the work reported here, the radioactive fertiliser was applied to the soil at the time of 
seeding, and the plants harvested at roughly four-week intervals. The plants were dried and 
weighed and then wet-ashed with nitric, sulphuric, and perchloric acids (Brenner and Harris, 
Chem. Analyst, 1939, 28, 56). The resulting solution was made up to a known volume and 
aliquots of a suitable size were used for total phosphorus and radio-phosphorus determinations. 
The total phosphorus content was determined colorimetrically by the method of Shelton and 
Harper (Iowa State Coll. J. Sci., 1941, 15, 403). The radio-phosphorus was determined, after 
precipitation as magnesium ammonium phosphate and ignition to pyrophosphate, by measuring 
with a Geiger—Miiller 8-chamber. The decay of *P and counter fluctuations were allowed for 
by counting the unknown material against a standard consisting of a known amount of the 


original radioactive fertiliser. Standard geometry was used and corrections for self absorption 
were made (Spinks and Barber, Jocc. cit.). 
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EXPERIMENTAL. 


In the Canadian prairies the most successful phosphate fertiliser is “‘ 11—48—0” (ammonium 
phosphate) and it is commonly applied at very low rates (20 lb. per acre). It is applied with the 
seed, and when applied at about 40 Ibs. per acre, gives average increases in yield of 40% ormore. The 
soils in general are neutral to alkaline in reaction, with plentiful supplies of calcium in the surface and 
calcium carbonate in subsoil layers. 

Various problems have been of interest—such as the effect of type of soil, type of fertiliser, and rate 
of application of fertiliser. In addition, the question of the nutritive value of the nitrogen in the 
ammonium phosphate is of interest since it has been suggested as the cause of the superiority of 
“ 11—48—0 ” over other phosphate fertilisers in this region. 
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(Reproduced, with permissson, from Proceedings of the Conference of Nuclear Chemistry, 
McMaster University, Hamilton, Canada, 1947, Part II, p. 148.] 
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(Figures at tops of columns give yields in bushels per acre.) 


Yield and phosphorus uptake for various types of fertiliser at Birch Hills. 
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A number of experiments have been carried out both in the field and in the greenhouse, with a variety 
of soils, fertilisers, and rates of application, in an attempt to cast some additional light on these questions. 
The first experiments used ammonium phosphate at 25 Ib. per acre, dissolved in water applied with 
the seed of Thatcher wheat, sown in a chestnut silty loam soil. The results as indicated in Fig. 1 (Spinks 
and Barber, /occ. cit.) show that for the first two weeks of growth, about 80% of the phosphorus in the 
plant has come from the fertiliser, while as growth proceeds, the uptake of soil phosphorus becomes 
rogressively larger proportionately, until at maturity, 80% of the phosphorus comes from the soil. 
antitatively, fertiliser phosphorus and soil phosphorus both continue to increase during the life of the 
plant. About 22% of applied fertiliser phosphate was taken up by the plant, the rest being 
considered “‘ fixed ’’ and unavailable. 

A subsequent greenhouse trial on rate of application, involving rates of 0, 25, 75, and 225 Ib. of 
ammonium phosphate per acre, showed, as indicated in Figs. 2 and 3 (Spinks, Dion, Reade, and Dehm, 
loc. cit.), that with increasing rate of —— application, the amount of fertiliser phosphorus taken 
up increases, while the Figen of fertiliser used decreases. The uptake of soil phosphorus in this 
trial was depressed with fertiliser application, indicating the danger of assuming that the difference 
between fertilised and unfertilised plots in phosphorus uptake represents phosphorus from the fertiliser. 
In this experiment, part of the series of plots were cropped a second time, and the indications are that 
only very small percentages of the original phosphorus applied could be available to subsequent crops. 

Another experiment indica that, although greater uptake of applied phosphate may be 
obtained by applying it ye ge growing season, the greatest yields w'th wheat are obtained by 
applying it with the seed (Barber, Thesis, Suchutahowes 1947). 

teld Experiments.—In 1948, three rather large field experiments were laid out at widely scattered 
places in the province of Saskatchewan. At each location, 8 different treatments, randomised in blocks, 
were arranged as a modified Latin square so as to have 4 replicates available for each of 4 harvest dates. 
The plot for each individual treatment consisted of 5 rows, the two outside rows being guard rows, 
while the three centre rows received the designated fertiliser treatment, with only the centre row being 
treated with radioactive fertiliser. 

The various treatments are listed in Table I to show the amounts and the form of the nutrients 
applied. The results for one location are ones in Table II, and in Figs. 4 and 5. The complete 
results will be published elsewhere (Dion, Dehm, and Spinks, Sci. Agr., 1949, 29, 512), and since the 
other locations give very similar data, they are not presented here. 
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TABLE I. 
Fertiliser treatments—field trials, 1948. 


Lb. of nutrients Lb. of nutrients 


S Material. per acre. Material. per acre. 

tb PO, iN. PO, N 
1. NH,H,PO, (half rate)...... 12 2-8 ; 24 on 
2. NH(HsPO, .se.sssesseseeeee 24 5-5 6. CaM cccccusc.s.-n.- 24 ies 
f 3. NH,H,PO, (double rate). 48 1 7 CagHy(PO,), + Ca(NO,), 24 6-4 


Pa reerstaonercdindiosenes 24 pail 


TaBLe II. 


Yield and analysis of vadio-phosphorus fertiliser trial, Birch Hills, Sask., 1948.* 


MI Treatments. 
f Harvest NH,H,PO,, NHH,PO,, Ca,H,(PO,), 
datet half rate. NH,H,PO,. doublerate. NaH,PO,. CaH,(PO,)s. CasH,(PO,)s. +Ca(NO,),  Unfert. 
é Average plant weight (g./6’ row). 
: I 10-9 10-8 12-3 10-5 9-6 7-6 8-3 7:7 
II 62-4 70-2 69-4 67-3 49-6 50-3 52-8 38-6 
III 127-2 120-2 143-4 119-8 121-4 89-9 106-6 93-2 
IV 142-9 165-0 189-9 150-5 153-4 125-8 136-2 108-5 
Total phosphorus (mg./6’ row). 
z 25-7 27-0 39-3 28-2 18-2 16-9 19-3 19-5 
II 162-3 177-2 194-0 161-5 128-9 124-2 126-1 95-0 
III 211-8 190-6 276-1 200-7 206-6 153-1 173-5 148-7 
' IV 236-3 280-7 343-4 261-9 262-3 219-5 240-7 188-3 
F Fertiliser phosphorus taken up (mg./6’ row). 
; I 11-7 13-2 20-5 9-5 6-7 2-9 1-5 _— 
f II 41-4 75-5 117-2 74-4 49-3 12-6 15-1 _— 
: III 52-3 80-9 138-1 74-2 66-4 20-4 17-6 — 
p IV 52-8 100-7 163-6 87-5 66-4 13-8 21-9 _ 
Soil phosphorus (mg./6’ row). 
I 14-0 13-8 18-8 18-7 11-5 14-0 17-7 19-5 
ty II 120-9 101-7 76-8 88-0 79-7 111-6 111-0 95-0 
| III 159-3 109-0 138-0 126-5 140-2 132-7 153-1 148-1 
; IV 183-5 180-1 179-8 174-4 195-9 205-8 218-7 188-3 
: Fertiliser phosphorus taken up, as % of fertiliser phosphorus applied. 
I 7-2 4-0 3-1 2-9 2-0 0-9 0-5 _— 
II 25-3 23-0 17-9 22-4 15-0 3-9 4-6 — 
III 31-8 24-7 21-1 22-6 20-3 6-2 5-4 — 
IV 32-2 30-7 25-0 26-7 20-3 4-2 6-7 _ 
Fertiliser phosphorus taken up, as % of total phosphorus in plant. 
I 46-9 48-3 52-0 33-3 36-7 16-7 8-1 - 
II 27-7 42-7 60-2 45-4 38-6 11-0 12-4 
III 25-5 42-4 50-0 36-7 32-8 13-2 10-1 _- 
IV 22-5 36-0 49-4 33-0 25-6 6-4 9-4 oo 





* Each result is an average of four replicates. 
+ Seeded May 25 with Thatcher spring wheat. Harvested: I, June 21; II, July 7; III, July 23; 
IV, August 24. , 


The data indicate that: (a) An increase in the rate of application of ammonium phosphate results . 
in an increase in plant weight, total phosphorus uptake, and fertiliser phosphorus uptake, and a decrease 
in the percentage of applied fertiliser taken up. (b) At equal phosphate application (50 Ib. of 11—48—0 
ammonium phosphate per acre), the order of decreasing eer fe the carrier is as follows: 
NH,H,PO ° Na 2PO,, CaH,(PO,)s, Ca,H,(PO,), + Ca(NQsj)s, Ca,H, 2° (c) The close similarity 
between NH,H,PO, and NaH,PO, indicates that the superiority of the former over the calcium 
phosphates is due to its solubility, and probably to the slower conversion into unavailable Ca,(PQ,),. 
This leads to the conclusion that ‘‘11—48—0”’ (ammonium phosphate) owes its superiority to the fact that 
it is not a calcium phosphate, rather than to the direct nutrient role of the nitrogen it carries. This 
is borne out by a a of NH,H,PO, and Ca,H,(PO,), + Ca(NO,),. (d) Monocalcium phosphate 
is much more available than dicalcium phosphate, which is best attributed to a relatively slower 
conversion into Ca,(PO,), in the case of the former salt. 
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A determination of radioactive phosphorus on rows adjacent to the “ tracer ’’ row indicate that 
these adjacent rows take up only a very small part of the fertiliser supplied in the neighbouring rows— 
that is, that the root systems are fairly separate at the level at which the seed is sown. The maximum 
— by adjacent rows, of fertiliser applied to the central row, was less than 1% of the fertiliser 
applied. 

A further study of the yield of the wheat plants from the radioactive row and the adjacent non-active 
rows, fertilised with the same kind of material at the same rate, indicates that the activity has no 
detectable harmful effects on the plants, the yield of the paneer aor being used as the criterion. 
Although it is known that large amounts of activity will adversely affect the growth of plants (Scott- 
Russell and Martin, Nature, 1949, 168, 71; Arnason, Cumming, and Spinks, Canadian J. Res., 1948, 
26, C, 109), the data obtained in this trial indicate that it is easily possible to keep the applied activity 
below the limit at which it appreciably affects the growth, and at the same time have enough activity 
present to follow the path of the fertiliser phosphorus through to maturity. 
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Harvest dates : 1. June 21. 2. July 7. 3. July 23. 4. August 24. 
Fertiliser phosphorus as % of total phosphorus in plant, for various types of fertiliser. 


Additional experiments are planned for other aspects of these problems, and it is hoped 
that the additional knowledge obtained will be of real value to our agriculture. The data obtained 
in 1948 aided in proving to industry that the Ca,H,(PO,), + Ca(NO,), (which is an “‘8—30—0” analysis) 
was not satisfactory in the region of neutral or alkaline soils for which it was intended. 


We are grateful to the National Research Council of Canada, the Saskatchewan Agricultural 
Research Foundation, and the Consolidated Mining and Smelting Company for financial assistance. 
Acknowledgment is made of the valuable advice of Professor John Mitchell, of the Soils Department, 
University of Saskatchewan, and of the laboratory assistance given by S. A. Barber, J. E. Dehm, 
R. J. St. Arnaud, C. F. Bedford, and M. Reade. We are indebted to the Chemical Institute of Canada, 
Ottawa, for permission to reproduce Fig. 1. 


DEPARTMENTS OF CHEMISTRY AND OF SOILS, 
UNIVERSITY OF SASKATCHEWAN, SASKATOON. [Read, April 1st, 1949.] 
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S89. The Problem of Radiation Damage when Radioactive Phosphorus is used in Fertiliser Experiments.* 


By R..Scotr Russg tt. 


Tue results of fertiliser iments in which **P has been used are of doubtful value if radiation from 
the tracer has caused marked abnormalities in the plants under investigation. There is evidence that 
this question has hitherto received insufficient attention. In water culture it has been shown that 
radiation damage may reduce phosphorus absorption significantly and also depress the rate of growth 
when very low levels of tracer (10 micro-curies per litre of culture solution) are employed (Russell and 
Martin, Nature, 1949, 68, 71). These effects are due to the accumulation of phosphorus in root tips 
where active cell division occurs. Concentrations of more than 1000 times that of the initial culture 
solution have, under certain conditions, been found after treatment for 24 hours with labelled phosphate. 
The rate of nutrient absorption is affected by radiation more seriously than the rate of growth. 
Moreover, the weight of shoots may remain unaffected while that of roots is reduced by more than 40%. 

So far as is known, comparable experiments on plants grown in soil have not yet been carried out. 
Work on this subject is in progress at the artment of Agriculture, Oxford. In a preliminary 
experiment winter wheat plants grown in pots filled with soil were treated with 2 constant level of 
phosphorus labelled with different levels of **P, the highest being comparable to that used by Spinks 
and Dion (this vol., p. S410). The rate of phosphorus absorption was significantly affected by radiation, 
the effect being so great that no conclusion on the normal rate of fertiliser uptake was possible. No 
change in shoot growth could, however, be detected. The pattern of radiation damage appeared to 
be more complicated than in water culture owing to the fact that the greater part of the fertiliser 
phosphate is retained in the upper layers of the soil. Different horizons of roots are consequently 
affected to varying degrees. Further work is in progress and the results will be published in due course. 
It would be unwarranted on the basis of these findings to suggest that radiation damage did in fact 
occur in Spinks’s experiments, since the conditions under which his plants were grown, and their rate of 
phosphorus absorption, were different. It is, however, apparent that the results of field experiments 
in which radioactive phosphorus has been used should be regarded as of doubtful validity unless it is 
established that radiation effects have not occurred. Moreover, it has been shown both in water culture 
and in the soil that the absence of changes in shoot weight does not justify the a made by 
Spinks, and also by Hendricks and Dean (Soil Sci. Amer. Proc., 1948, 12, 98), that radiation damage 
has not occurred. 

Sufficient data are not available for the extent of injurious radiation effects to be determined by 
measurement of the amount of radiation to which root tips are ex It is necessary to treat 
replicated batches of plants with a constant level of total phosphorus labelled with different quantities 
of tracer and to determine rate of growth and phosphorus absorption on both roots and shoots. The 
assumption that radiation has caused no effect is justified only if no significant differences are found. 

It has been suggested that radiation damage is less likely in the field (where Spinks’s later experiments 
were carried out) than in the pot culture. There seems to be little justification for this contention 
since it is known that the ter part of the phosphatic fertiliser applied to soil is retained in the upper 
two or three inches. jiation damage should therefore be pein om likely in pot culture and in the 
soil if the amount of tracer added per unit of superficial area is the same. 

In view of the wide interest which investigations of this is now arousing, it appears desirable 
to stress these considerations despite the paucity of data on radiation effects in plants grown in soil.— 
DEPARTMENT OF AGRICULTURE, UNIVERSITY OF OxForD. [Read, April Ist, 1949.) 





$90. Some Chemical Problems in the Use, as a Fumigant, of 
Methyl Bromide labelled with *Br. 


By F. P. W. WINTERINGHAM. 


*2Br has been used to label Me®*Br in studies of its behaviour as a fumigant. Methods of 
reparation and assay are indicated. Some data are presented to illustrate how isotope exchange 
een different compounds may vitiate the results of isotope dilution procedure. 


Durinc the insecticidal treatment of insect-infested foods some insecticide (or fumigant, e.g.; 
methyl bromide) is sorbed and traces are retained by the product which may eventually be 
consumed as food by man or animal. It is therefore important to investigate the physical 
and chemical fate of these “‘ residues.” Similar studies on the fate of the insecticide in the 
poisoned insect may yield valuable information on the mechanism of insecticidal action. These 
studies sooner or later necessitate the determination or detection of traces of insecticidal 
substances in the presence of complex biological material and the isotope tracer technique has 
provided a sensitive method of doing this. This contribution briefly describes some aspects 
of the use of **Br as a tracer. 

Preparation of **Br-labelled Methyl Bromide.—Hydrogen bromide is a useful starting material 
in the preparation of **Br-labelled compounds and it is used in the preparation of methyl bromide, 


* Contribution to the Discussion of paper No. S88 entitled “‘ Study of Fertiliser Uptake using 
Radio-phosphorus,” by J. W. T. Spinks and H. G. Dion. 
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a widely used fumigant. The apparatus used is illustrated in Fig. 1. 100 Mg. or more of AgBr* 
are precipitated from an aqueous solution of Pile-irradiated potassium bromide, and dried. The 
AgBr* in D is reduced in a current of hydrogen at about 700° (Mellor, ‘‘ Comprehensive Treatise 
on Inorganic Chemistry,’’ London, 1922, Vol. 2, p. 169) and the HBr* collected at — 180°. The 
HBr* is condensed in a 20-c.c. reaction flask H, to which is attached a twin by-pass funnel F which 
enables two different reagents to be added independently during a preparation and without 
having to disconnect any part of the apparatus. Aqueous methanol is run from the first 
funnel on top of the frozen HBr* which dissolves instantaneously with negligible loss. 
Concentrated sulphuric acid is gradually added from the second funnel, and the reaction 
allowed to proceed at about 125°. The relative weights of reagents used are based on the 
optimum values determined by Bygden (J. pr. Chem., 1922, 104, 285). Methyl bromide passes 
through a condenser J and purifying train and the pure ester collects at — 180°. The purifying 
train consists of a long tube / packed successively with cotton-wool saturated with distilled water, 
soda-lime, and anhydrous calcium chloride. By isolating and evacuating the cooled trap L the 
b. p. of the ester is checked by determining the temperature at which its vapour pressure reaches 
76 cm. of mercury as read on an attached manometer. This generally agrees with the 
correct value of +3-6° to within 0-1—0-2°. The bromine content has also been checked 
to within 1% by decomposing a sample of the prepared ester in monoethanolamine followed 
by potentiometric determination of the bromide formed. The principal feature of the apparatus 
is that, having introduced the reagents, all manipulation can be performed from behind the 


necessary lead screening. The progress of the preparation is followed by means of a portable 
y-monitor. 


Fic. 1. 
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Preparation of **Br-labelled methyl bromide. 


The methyl bromide is finally distilled into the reservoir of a high-vacuum assembly 
whereby micro- or milli-mole quantities of condensable gases and vapours can be quanti- 
tatively handled. 

In the preparation of labelled compounds incorporating radioactive isotopes, particularly 
those of short half-life, it is useful to express yields as the product of the percentage chemical 
yield and the ratio of the specific activity of pure product obtained to that which would be 
obtained were there no loss due to isotope dilution or exchange, radioactive decay, etc. This 
takes into account factors such as time which, though possibly irrelevant in ordinary chemical 
synthesis, become important in tracer work. On this basis the overall activity-yield of the 
methyl bromide prepared above was about 85%. 

8*Br-Labelled methyl bromide has also been prepared by isotope exchange in solutions of 
active bromides and initially inactive methyl bromide. This is simple but suffers from the 
unavoidable loss of specific activity by isotope dilution. Nevertheless, the method has been 
found useful for the preparation of bromobenzene, for example, active aluminium tribromide 
being used (see Fairbrother J., 1941, 293). 

Radioactive Assay of **Br-labelled Compounds.—Active bromides have been assayed in 
solutions in Geiger—Miiller counters of the type described by Veall (Brit. J. Radiol., 1948, 21, 
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347), and as prepared precipitates of silver bromide under thin end-window counters which 
enabled a much larger fraction of the $-radiation to be counted. The use of liquid samples is 
convenient but that of prepared precipitates is some 15 times more efficient, the higher efficiency 
being a decisive factor with samples of low specific activity. 

Precise assay of moderate or weak 6-emission from solids necessitates a method of preparing 
samples of good geometrical uniformity and reproducibility. This was achieved for silver 
bromide precipitates in the following way. The labelled bromide (together with added carrier 
when necessary) is precipitated as silver bromide and collected by filtration under standardised 
geometrical conditions on a 1-5-cm. Whatman No. 50 filter circle. The precipitate is then hot 
pressed at 140° against a numbered and tared lead disc faced with ‘“‘ Alkathene ”’ thermoplastic, 
after which the filter-paper can be cleanly peeled away, leaving the precipitate as a hard flat 
disc mounted on the lead base. Lead is used deliberately to enhance back-scattering and so 
increase the number of recorded counts for a given specific activity. Silver iodide and chloride 
behave similarly. In a series of determinations made over about three half-lives, the overall 


coefficient of variation was +1-8% on total corrected counts of 10,000; the precipitate 
thicknesses varied from 6-2 to 43-7 mg./cm.*. 


Fic. 2. 
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Apparatus for the continuous measurement of the sorption of radioactive fumigants by food constituents. 


Starting with bromide irradiated in B.E.P.O., this technique has enabled weights of the 
order of 0-005 yg. of labelled bromide to be determined to within a few units % up to one week 
after removal from the pile. The sensitivity could, of course, be enormously increased by 
using carrier-free bromides prepared, e.g., by Glueckauf’s method. **Br-labelled methyl 
bromide has also been assayed directly in the gas phase in an apparatus of the type illustrated 
in Fig. 2. This apparatus is used for studying the rates of sorption of methyl bromide by 
substances such as wheat protein under atmospheric conditions, so providing data on the 
physical adsorption and chemical reaction kinetics in the adsorbed phase. A sample of the 
active gas is drawn into the evacuated chamber C. Tap A is closed after admission of air to 
atmospheric pressure and D is opened, allowing the gas to diffuse throughout the apparatus. 
G is the armature of a stirrer vane intermittently swung to and fro over the adsorbent K by 
means of the external electromagnet H. The concentration of unadsorbed gas is proportional 
to the corrected rate of count by the screened Geiger—Miiller counter J. A control unit, 
charged with a known concentration of gas, operates simultaneously so that significant varia- 
tions in the characteristics of the amplifying and scaling equipment can be allowed for. 

Labelled bromides deposited in tissue exposed to methyl bromide can be detected 
qualitatively by means of the so-called autoradiographic technique. In our applications, the 
resulting bromides were soluble in water, so the Altmann-Gersh freeze-drying method in high 
vacuum is being used instead of the more usual liquid fixatives, etc. When using Pelc’s 
stripping emulsion technique (Nature, 1947, 160, 749) it is necessary to deposit a thin film of 
nitrocellulose over the sections before water immersion in order to avoid almost complete 
solution of the active bromides. 
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Gorbman (Nucleonics, 1948, 2, 30) quotes a figure as low as 2 x 10® disintegrations per 
sq. cm. of tissue as being required for a satisfactory autoradiograph. Dr. Herz, of Kodak Ltd., 
in a private communication, has recommended a figure of 10° disintegrations per sq.cm. We 
can confirm this as a suitable figure for *Br. Autoradiographs at an estimated density of the 
order 10* disintegrations per sq. cm. have been obtained by using Ilford lantern slide plates. 
These figures suggest that a figure less than 10’, however, would be rather low for 
the autoradiographic location of **Br. 

Isotope-dilution Procedure and Exchange Reactions.—Residual bromide in wheat meal 
which has been aired after exposure to methyl bromide can largely be accounted for as soluble 
ionised bromide, but it is possible that traces of unchanged methyl bromide may be firmly 
retained physically, ¢.g., by adsorption. An attempt was made to apply the isotope dilution 
procedure to the detection of such traces. Dry wheat meal was exposed to **Br-labelled methyl 
bromide for several days and then aired at room temperature. The total methyl bromide 
sorbed and that recovered by aeration were determined, so the total residual active bromine 
was known. The meal was then shaken in inactive methyl bromide vapour for several hours 
at room temperature, during which time it was assumed that at least part of any active methyl 
bromide present would have become homogeneously diluted by the added methyl bromide. 
A sample of the pure methyl bromide was finally isolated and the specific activity determined. 

Let the initial specific activity expressed, say, as c.p.m. per mg. of bromine under some 
standard conditions of measurement be a,. Let the total weight of residual bromine be 
w, mg., and suppose x mg. of this residue to remain as undecomposed methyl bromide. Let 
w, ming. be the weight of bromine added as inactive methyl bromide, and a, the specific activity 
of the finalsample, Then, 

@, = 4,%/(% + wy) and * = a,w,(a, — ay) 

Now suppose that, despite any assumptions to the contrary, isotope exchange occurs between 
the active bromine atoms of decomposed ester and the inactive bromine atoms of the added 
ester, then at equilibrium it follows that a, = a,w,/(w, + w,) while x assumes the fictitious 
value w,. 

When applying isotope-dilution procedure, therefore, it is most important to ensure that 
no isotope ex-hange occurs between different compounds. This was done before proceeding 
with the experiment on wheat meal as follows. No significant exchange could be detected 
at room temperature between dry silver, barium, or potassium bromides and methyl bromide. 
In the wheat-meal experiment * was, in fact, found to have the value w,, indicating that all 
the residual bromide was present as unchanged methyl bromide, a result hardly consistent with 
the known properties of the bromide in aqueous extracts. A more likely alternative was 
that of a rapid exchange between the active bromide resulting from exposure to methyl bromide 
and the bromine of the added methyl bromide. This led to one or two interesting observations. 

It is first necessary to derive a working equation so that the exchange velocity constants 
determined in heterogeneous systems of this kind can be compared with those values determined 
by earlier workers using homogeneous systems, ¢.g., Le Roux and Sugden (J., 1939, 1279 and 
later papers) using solutions containing alkyl bromides and inorganic bromides. 

Consider a bimolecular exchange of the type 


hy 
CH,Br + *Br- == CH,®Br + Br- 

A Y ” xX B 
taking place in a heterogeneous system of net volume V containing solid or liquid sorbent of 
weight w, concentrations in the adsorbed or dissolved phase being given by B/w = }, etc. 
Now, over small ranges of concentration in the gas phase the concentration a’ of gas sorbed 

may be written A’/w = ¢(A — A’)/V, where ¢ is a constant. 
If, at equilibrium, X/A = Y/B, and X <€ A and Y < B, then k, = k, and it can be shown 


that 
_ 2:303(V + w¥) 1 
b= yA + By 08 Li =] 


where @ is the exchange after time ¢ expressed as a fraction of the equilibrium value. When 
V/¢ approaches zero, A’ approaches A and the equation reduces to the simpler form applicable 
to single-phase systems (McKay, Nature, 1938, 142, 997), viz., 


— 2-303 
k= a +b) log yo(1 — 8) 
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The former equation has been applied to heterogeneous systems where adsorbed or dissolved 
methyl bromide, in physical equilibrium with its free vapour, was allowed to exchange with 
active bromide present in a liquid or solid phase. Its validity was checked by varying 
A, B, t, w, etc., in the experiments using potassium bromide solutions. Tentative values of k 
for different systems are collected in the table below. The exchange reactions were allowed 
to proceed for periods of 5—48 hours. 


In some of the experiments with wheat protein (gluten) exchange reached the equilibrium 
value within the limits of experimental error. 


Temp. of 
Solid or liquid phase. exchange. Gas phase. k (mg.-mol.—* hr.—*). 


20—27° MeBr (inactive) No exchange detected 
20—27 oa Slight exchange 
20—27 No exchange detected 


20—27 0-1—0-2 


20—37 (sic) 2-3—25-9 
— No exchange detected 


— Inactive MeBr 1-6 
(8) Active bromide deposited in desiccated wheat 


rotein by exposure to free active bromine or 
Br. In some experiments the exposure 
was followed by ammonia treatment to 
neutralise free sorbed acid — 7 0-02—0-3 
(9) As in (8) but active KBr deposited from alco- 
holic solution — 0-01 


” 


The disappearance of the exchange facility of the active bromide in wheat protein resulting 
from active CH,Br*-exposure followed by temporary moisture increase (expt. 6) is interesting 
and suggests that the bromide is deposited at sites which may subsequently adsorb methyl 


bromide in such a way as to facilitate exchange, the bromide diffusing away from the sites in 
the presence of condensed moisture. Attempts to achieve the same result by exposure to bromine 
in other forms did not succeed (expts. 8 and 9). 

In conclusion, these experiments emphasise that when exchange reactions might influence 
the interpretation of a tracer study, particularly when it is desired to label integral molecules 
or radicals, it is important to investigate the possible exchange reactions under the conditions 


obtaining during tracing. 
This contribution is made by permission at the Department of Scientific and Industrial Research. 


Pest INFESTATION LABORATORY, LONDON Roap, SLouGH, Bucks. (Read, April 1st, 1949.] 
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KELLEY, W.P. Cation exchangein soils. (Ameri- 
can Chemical Society, Monograph Series.) New York 
1948. pp. xvi + 144. ill. 

KENDREw, J.C. See Roucuton, F. J. W. 

Kent, A. D. See Canapa, DomINION oF. 
tional Research Council. Division of Physics. 

KiEeFFER, R., and Horop, W. Pulvermetallurgie 
und Sinterwerkstoffe. Berlin 1948. pp. ix + 412. ill. 

KirscHBAuM, E. Distillation and_ rectification. 
Translated by M. WutrincHorr. Brooklyn 1948. 
pp. xiv + 426. ill. 

KiemMenc, A. Die 
darstellung von Gasen. 
pp. x + 258. ill. 








See SoOcrETY OF 


Na- 


Behandlung und Rein- 
2nd edition. Wien 1948. 


Kremm, W. See Fiat REvIEw oF GERMAN 
ScrENcE 1939—1946. Analytical chemistry of in- 
organic substances. Inorganic chemistry. 

KNowLes, J. W. See Canapa, DOMINION OF. 
National Research Council. Atomic Energy Project. 
Division of Research. 

KoMAREWSKY, V.I. See ADVANCES IN CATALYSIS. 

—— See WEISSBERGER, A. 

KopFERMANN, H. See Fiat REvIEW oF GER- 
MAN SCIENCE 1939—1946. Physics of the electron 
shells. 

KrReEvuLEN, D. T. W. Elements of coal chemistry. 
Rotterdam 1948. pp. 204. ill. 

KROGER, M. [and others]. Grenzflachen-Katalyse. 
Leipzig 1933. pp. viii + 387. ill. 

Kruyt, H. R. [Editor.] Colloid science. Vol. 
II. Reversible systems. Amsterdam 1949. pp. 
xix + 753. ill. 

Kuun, R. See Fiat REVIEW oF GERMAN SCIENCE 
1939—1946. Biochemistry. 

KuNGL. SVENSKA VETENSKAPSAKADEMIENS. Min- 
nesfesten Sver Berzelius. 20—22 September 1948. 
Stockholm [1949]. pp. 56. 

Kunitz, M. See Norturop, J. H. 

Lane, J.C. See WEIL, B. H. 

LARDEREL, Francois, Comte de. Album des di- 
verses localités formant les établissemens industriels 
d’acide boracique, fondés en Toscane (1818). Paris 
[1853 ?] 22 plates and 1 portrait. 

LavinE, I. See ZIMMERMAN, O. T. 

LAWRENCE, J. H. See ADVANCES IN BIOLOGICAL 
AND MEDICAL PuysIcs. 

Lawriz, L. G. A bibliography of dyeing and 
textile printing, comprising a list of books from the 
sixteenth century to the present time (1946). London 
1949. pp. 143. (Reference.) 

Le Bet, J.-A. See Socrtt# CHIMIQUE DE FRANCE. 

Lecce, J. W. See LemBERG, R. 

LEMBERG, R., and Lecce, J. W. Hematin com- 
pounds and bile pigments: their constitution, meta- 
bolism, and function. New York 1949. pp. xxv + 
745 + [iii]. ill. 

Lewis, F.G. See AUSTRALIA, COMMONWEALTH OF. 
Council for Scientific and Industrial Research. Aero- 
nautical Research Report ACA-38. 

Li Cu’1a0-P’1nc. The chemical arts of old China. 
Easton 1948. pp. xii + 215. ill. 

LieBiG, J. von. Familiar letters on chemistry in 
its relation to physiology, dietetics, agriculture, com- 
merce, and politicdl economy. 4th edition. Edited 
by J. Brytu. London 1859. pp. xvi + 536. 

Littre, A., and Mitcue.t, K. A. Tablet making. 
Liverpool [1949]. pp. 121. ill. 

Littte, A. D., Inc. A selected bibliography on 
the industrial uses of radioactive materials. Cam- 
bridge, Mass. 1949. pp. v + 13. 

Lone, L., yun. See SuGAR RESEARCH FouNDA- 
TION, Inc. Technological Report Series, No. 5. 

LonspaLe, K. Crystals and X-rays. London 
1948. pp. viii + 199. ill. 

Loorsourow, J. R. See Harrison, G. R. 

Lorp, R.C. See Harrison, G. R. 

Lotuian, G. F. Absorption spectrophotometry. 
London 1949. pp. 196. ill. [Two copies.) 





Lowry, T. S., and SuGpEN, S. A class book of 


2nd edition. London 1949. 


physical chemistry. 
pp. vii + 454. ill. 

LUNDBERG, W. O. See MINNESOTA UNIVERSITY. 
Hormel Institute. Publication No. 20. 

LysaGuTt, V. E. Indentation harness testing. 
New York 1949. pp. xi + 288. ill. 

MAGAZINE OF CONCRETE RESEARCH. 
AND CONCRETE ASSOCIATION. 

Main, W. Les explosifs : composition, fabrication, 
propriétés, applications. Paris 1933. pp. vi + 202. 
ill. 

Mark, H. See Biovt, E. R. 

Mar igs, C. A. See Scumipt, A. X. 

MARSHALL, C. E. The colloid chemistry of the 
silicate minerals. New York 1949. pp. x + 195. 
ill. 

Martin, T. The Royal Institution. 
pp. [iii] + 46. ill. 

MARTINENGHI, G. B. Chimica e tecnologia degli 
oli, grassi e derivati. 2nd edition. Milano 1948. 
pp. xx + 746. ill. 

Marton, L. See ADVANCES IN ELECTRONICS. 

Massey, H.S.W. See Mott, N. F. 

Matuews, A. F. See UNITED STATEs. 
ment of the Interior, Bureau of Mines. 

May & Baker, Ltp. Estimation of sulphonamides. 
3rd edition. Dagenham [1948]. pp. 81. 
Sulphonamide therapy. Dagenham [1948]. 
pp. 90. ill. 

Mayer, M.M. See Kapat, E. A. 

Mayow, J. On respiration; being a translation of 
the first edition of his De Respiratione. Edited by 
L. DosBIn. Edinburgh 1946. pp. 24. 

MEDICAL RESEARCH CounciIL. Memorandum No. 
22. Industrial fluorosis; a study of the hazard to 
man and animals near Fort William, Scotland. A 
report to the Fluorosis Committee, by J. N. AGATE 
{and others]. London 1949. pp. viii + 131. ill. 
(Reference.) 

Special Report Series No. 262. Studies in 
air hygiene. By R. B. BourpiLiton [and others]. 
London 1948. pp. [iv] + 356. ill. (Reference.) 
See [UNITED STATES] NATIONAL ACADEMY 
OF SCIENCES. 

MEGGERS, W. F. See AMERICAN SOCIETY FOR 
TESTING MATERIALS. Committee E-2 on Spectro- 
graphic Analysis. 

MENDELEYEV, D.I. See Postn, D. Q. 

MERRINGTON, A. C. Viscometry. London 1949. 
pp. viii + 142. ill. 

MERRITT, L. L., yun. See WILLARD, H. H. 

MEUNIER, L. Die Brandursachen in den Fabriken. 
2nd edition. Berlin 1877. pp. viii + 224. 

MEuNIER, P., and Vinet, A. Chromatographie et 
mésomérie, adsorption et résonance. Paris 1947. pp. 
126. ill. 

MEYER, V. Aus Natur und Wissenschaft ; Wander- 
blatter und Skizzen. Heidelberg 1892. pp. xii + 
206. 

—— Probleme der Atomistik. 2nd edition. Heidel- 
berg 1896. pp. 45. 

Miatt, L.M. See Mraz, S. 

Miatt, S., and Miart, L. M. A new dictionary of 


See CEMENT 


London 1942. 


Depart- 














chemistry. 2nd edition. 
589. (Reference.) 

MitteR, A. R. The theory of solutions of high 
polymers. Oxford 1948. pp. viii + 118. ill. 

—— The adsorption of gases on solids. (Cam- 
bridge Monographs on Physics.) A sequel to the 
Cambridge Physical Tract written in 1939 by J. K. 
RoBeERTs and entitled : Some problems in adsorption. 
Cambridge 1949. pp. ix + 133. ill. 

MILLER, J. See ANDREWS, G. W. S. 

Mitton, R. F., and Waters, W. A. 
Methods of quantitative micro-analysis. 
1949. pp. viii + 599. ill. 

MINERALOGICAL MAGAZINE AND JOURNAL. See 
MINERALOGICAL SOCIETY OF GREAT BRITAIN AND 
IRELAND. 

MINERALOGICAL SOCIETY OF GREAT BRITAIN AND 
IRELAND. Mineralogical Magazine and Journal. Vol. 
1. London 1877. pp. xxiv + 275. ill. (Reference) 

MINISTRY OF AGRICULTURE AND FISHERIES. WNa- 
tional Agricultural Advisory Service. Report on 
perosis. By K. A. Hype, with a note by E. W. 
NIGHTALL. London 1948. pp. 32. ill. 

MINISTRY OF FUEL AND PowER. Fuel Efficiency 
Commitize. Fuel and the future; proceedings of the 
conference held in 1946. 3vols. London 1948. pp. 
vi + 370; vi + 374; vi+ 211. ill. 

MINISTRY OF MuNITIONS OF WaR. H.M. Factory, 
Gretna: description of plant and process. Dumfries 
(1919]. pp.x+ 218. ill. (Reference.) 

MINISTRY OF SupPPLY. Selcted Government Re- 
search Reports. Vol. 2. Paints. London 1949. 
pp. [iv] + 70. ill. 

MINNESOTA UNIVERSITY. Hormel Institute. Publica- 
tion No. 20. A survey of present knowledge, 
researches and practices in the United States concern- 
ing the stabilization of fats. By W. O. LUNDBERG. 
Minneapolis 1947. pp. 45. 

MITCHELL, J., JUN., and SmitH, D. M. Aquametry ; 
application of the Karl Fischer reagent to quantitative 
analyses involving water. (Chemical Analysis, Vol. 
V.) New York 1948. pp. xii + 444. ill. 

MitcHELL, K. A. See LITTLE, A. 

MITCHELL, R.L. See COMMONWEALTH BUREAU OF 
Som Science. Technical Communications No. 44. 

MoncriEFF, R. W. The chemistry of perfumery 
materials. London 1949. pp. [vi] + 344. 

MonteR-WIiuiams, G. W. Trace elements in food. 
London 1949. pp. viii + $11. 

MonnliER, D. See WENGER, P.-E. 

MonTGoMERY, R. See SUGAR RESEARCH FOuUNDA- 
TIon, Inc. Scientific Report Series, No. 11. 

Morcutis, S. See FLORKIN, M. 

Mott, N. F., and Massey, H. S. W. The theory 
of atomic collisions. 2nd edition. Oxford 1949. pp. 
xv + 388. ill. 

MoureEu, C., and CuHovin, P. Notions fonda- 
mentals de chimie organique. 11th edition. Paris 
1946. pp. xxx + 828. 

Mrak, E. M. See ADVANCES IN FooD RESEARCH. 

Nacuop, F. C. [Editor.] Ion exchange; theory 
and application. New York 1949. pp. xii+ 411. ill. 

Newton, J. See IpaHo University. School of 
Mines. 


London 1949. pp. ix + 


{Editors. } 
London 
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NicHoras, J. H. See DEPARTMENT OF SCIENTIFIC 
AND INDUSTRIAL RESEARCH. Road Research Labora- 
tory. Road Research Technical Paper No. 16. 

NICHOLLS, C. M. See CANADA, DOMINION OF. 
National Research Council. Atomic Energy Project. 
Division of Research. 

NICHOLLS, R. V. V. See CHEMICAL INSTITUTE OF 
CANADA, 

NIGHTALL, E. W. See MINISTRY OF AGRICULTURE 
AND FISHERIES. National Agricultural Advisory 
Service. 

NOMENCLATURA CHIMICA. Years 1, 2, 4, and 5. 
Calolzicorte 1931—1935. (Imperfect.) (Reference.) 

NortHrop, J. H., Kunitz, M., and HERRIOTT, 
R. M. Crystalline enzymes. 2nd edition. New 
York 1948. pp. xxii + 352. ill. 

Noyes, W. A., JUN. See UNITED StTaTEs. Office 
of Scientific Research and Development. 

See WEISSBERGER, A. 

NUCLEAR SCIENCE ABSTRACTS. See 
StaTEs. Atomic Energy Commission. 

OxrsPER, R. E. See FEIGL, F. 

PANNELL, E. V. Magnesium; its production and 
use. 2nd edition. London 1948. pp. x-+ 189. ill. 

PansHIN, A. J. See Brown, H. P. 

Papier, Das. Zeitschrift fiir die Erzeugung von 
Holzstoffe, Zellstoff, Papier und Pappe; chemische 
Technologie der Cellulose. Year 1, etc. Darmstadt 
1947 +. (Reference.) 

PARMELEE, C. W. Ceramic glazes. 
pp. x + 321. ill. 

PARTINGTON, J. R. An advanced treatise on 
physical chemistry. Volume I. Fundamental prin- 
ciples; the properties of gases. London 1949. pp. 
xlii + 943. ill. [Two copies.] 

PascaL, P. Explgsifs, poudres, gaz de combat. 
2nd edition. Paris 1930. pp. viii + 320. ill. 

Patty, F. A. [Editor.] Industrial hygiene and 
toxicology. 2 vols. New York 1948—1949. pp. 
xxviii + 531; xxviii, 535 to 1138. ill. 

Penurson, E. W. See UNITED STATES. 
ment of the Interior, Bureau of Mines. 

PenFoLp, A. R. Plastics and synthetic fibres. 
(Sydney Museum of Technology and Applied Science, 
Bulletin No. 23.) Sydney 1948. pp. 31. 

Perry, J.W. See ScHwArRTzZ, A. M. 

Pritcke, M., and WaLtTHER, G. Chemisch- 
technische Entwicklung auf dem Gebiete der Kohlen- 





UNITED 


Chicago 1948. 


Depart- 


wasserstofféle. Vol. 2. 1928—1932. Berlin 1934. 
pp. xx + 695. 
PHARMAZIE, Die. Zeitschrift fiir Pharmazie, 


pharmazeutische Chemie, Pharmakologie, Pharma- 
kognosie, Toxicologie, experimentelle Medizin und 
alle Grenzgebiete der Arzneimittelforschung. Year 2, 
No. 8, etc. Berlin 1947+. (Reference.). 
Supplement I, No. 1, etc. Berlin 1946. + 
(Reference.) 

Puitutrs, A. See Brick, R. M. 

Puysicat Society. Handbook of scientific instru- 
ments and apparatus 1949, as shown at the 33rd 
Physical Society Exhibition. London 1949. pp. 
272. ill. (Reference.) 

Colour Group Committee. Report on colour 
terminology. London 1948. pp. [iv] + 56. 








Pieters, H. A. J., and CREYGHTON, J. W. Veilig- 
heid en chemie; wenken en voorschriften ter be- 
vordering van de veiligheid in het scheikundig 
laboratorium. Heerlen 1947. pp. xvi + 306. ill. 

Pincus, G., and THtmann, K. V. [Editors.] The 
hormones; chemistry, physiology, and applications. 
Vol.I. New York 1948. pp. xii + 886. ill. 

PITTSBURGH INTERNATIONAL CONFERENCE on sur- 
face reactions. Pittsburgh 1948. pp. viii + 236. 
ill. (Reference.) 

PLEETH,S.J.W. Alcohol; a fuel for internal com- 
bustion engines. London 1949. pp. xv + 259. ill. 

PLimMMER, R. H. A. The history of the Bio- 
chemical Society. Cambridge 1949. pp. 24. ill. 
[Two copies. ] 

Posin, D. Q. Mendeleyev: the story of a great 
scientist. New York 1948. pp. xii + 345. ill. 

Post, H. W. Silicones and other organic silicon 
compounds. New York 1949. pp. vi + 230. 

Preston, J. M. ([Editor.] Fibre science. 
chester 1949. pp. [xiv] + 341. ill. 

PREYER, W. Die organischen Elemente und ihre 
Stellung im System, [mit einem] Anhang iiber die 


Man- 


Entwicklung der Elemente. By G. WENDT. Wies- 
baden 1891. pp. 47. ill. 
PROGRESS IN METAL Puysics. VolumelI. Edited 


by B. CHALMERS. 
ill. (Reference.) 

Prout, W. Chemistry, meteorology and the func- 
tion of digestion, considered with reference to natural 
theology. 3rd edition. London 1845. pp. xxviii + 
515. ill. 

RaE, W.N. See REILLY, J. 

RauNn, O. Injury and death of bacteria by 
chemical agents. (Biodynamica Monographs, No. 3.) 
Normandy, Miss. 1945. pp. 183. ill. 

Ratston, A. W. Fatty acids and their derivatives. 
New York 1948. pp. x + 986. 

Re1p, J. Some contributions to the history of 
esparto. pp. 15. (From Proc. Tech. Sect. Paper 
Makers’ Assoc., 1948, 29.) 

Retry, J., and Raz, W. N. Physico-chemical 
methods. Vol III (supplementary). London 1948. 
pp. x + 697. ill. 

REITSTOTTER, J. See FORTSCHRITTE DES CHEMI- 
SCHEN APPARATEWESENS. 

ReminGToN, J. S. Pigments: their manufacture 
and properties. 2nd edition. London 1949. pp. 
[xiv] + 194. ill. 

Researcu. A journal of science and its applica- 
tions. Vol.I,etc. London 1947+. (Reference.) 

Resinous Propucts & CHEMICAL Co. The Resin- 
ous Reporter, Vol. 9, No. 4. Philadelphia 1948. 
Continued in Roum & Haas Co. The Rohm & Haas 
Reporter, which see. 

RESINOUS REPORTER, THE. 
pucts & CHEMICAL Co. 

REVUE DE L’ INDUSTRIE TEXTILE BELGE. 
No. 28, etc. Bruxelles 1948 +. (Reference.) 

Rice, F. O., and Terrer, E. The structure of 
matter. New York 1949. pp. xiv + 361. ill. 

RippiteE, O. [and others}. Studies on carbo- 
hydrate and fat metabolism, with special reference 
to the pigeon. Washington 1947. pp. vi + 128. 


London 1949. pp. viii + 401. 


See ReEstinous Pro- 
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RIDEAL, E. K. See ADVANCES IN CATALYSIS. 

RIEDIGER, B. Brennstoffe; Kraftstoffe ; Schmier- 
stoffe. Eine Einfiihrung in ihre Chemie und Tech- 
nologie fiir Ingeniere. Berlin 1949. pp. xii + 484. 
ill. 

RIENACKER, G. See STAUDINGER, H. 

Rriesz,C. H. See WEISSBERGER, A. 

Ritcu1zE, P. D. A chemistry of plastics and high 
polymers. London 1949. pp. viii + 288. ill. 

RosBeErts, J. K. See MILier, A. R. 

Rosinson, H. A. See AMERICAN INSTITUTE OF 
Puysics. 

RoBINSON, SIR ROBERT. See [UNITED STATES] 
NATIONAL ACADEMY OF SCIENCES. 

Rocers, S. S. See VANDERBILT RUBBER HAND- 
BOOK. 

Roum & Haas Co. The Rohm & Haas Reporter, 
Vol. 7, etc. Philadelphia 1949+. (Reference.) 
Continuation of REsiInous Propucts & CHEMICAL 
Co. The Resinous Reporter, which see 

RoscogE, H. E. Lessons in elementary chemistry : 
inorganic and organic. New edition. London 1878. 
pp. viii + 416. ill. 

Rovucuton, F. J. W., and KEnprew, J. C. 
{Editors.}] Hzmoglobin. A symposium based on a 
conference held at Cambridge in June 1948 in 
memory of Sir Joseph Barcroft. London 1949. pp. 
xii + 317. ill. 

RoyaL INSTITUTE OF CHEMISTRY OF GREAT 
BRITAIN AND IRELAND. Lecture on the new fluoro- 
carbon chemistry. By M. Stacey. London 1948. 
pp. 15. 

Roya Society. Report of the Empire Scientific 
Conference, June—July 1946, 2 vols. London 1948. 
pp. 828; 707. ill. (Reference.) 

Scientific Information Conference, 21 June— 
2 July, 1948. Report and papers submitted 
London 1948. pp. 723. ill. [Two copies.] 

RUBBER-STICHTING. Communication No. 98. The 
use of rubber in bituminous road constructions and 
some other applications of rubber containing bitumen. 
By F. T. Bomxa, Delft 1949. pp. 23. ill. 

Rost, E.,and Esert, A. Unfalle beim chemischen 
Arbeiten. 2nd edition. Ziirich 1947. pp. viii + 403. 

RurF, H. R. See British THomMson-Houston 
Co. Ltp. 

Rusconi, Y. See WENGER, P.-E. 

RUSHBROOKE, G. S. Introduction to statistical 
mechanics. Oxford 1949. pp. xiii + 334. ill. 





SaHuyun, M. [Editor.] Outline of the amino acids 
and proteins. 2nd edition. New York 1948. pp. 
286. ill. 


SANDERSON, R. T. Vacuum manipulation of 
volatile compounds: a laboratory manual describing 
the application of high vacuum technique in experi- 
mental chemistry. New York 1948. pp. viii +162. 
ill. 

SaunDERS, K.H. The aromatic diazo-compounds 


and their technical applications. 2nd edition. Lon- 
don 1949. pp. xi + 442. 
ScuAr, E. Aus der Geschichte der Gifte. Basel 


1883. pp. 48. 
Scumipt, A. X., and Mariigs, C. A. Principles of 
high polymer theory and practice. Fibers; plastics; 


10 


rubber; coatings; adhesives. New York 1948. pp. 
xii + 743. ill. 

ScHOHOFER, F. See Fiat REVIEW oF GERMAN 
ScIENCE 1939—1946. Chemotherapy. 

ScnuttzE, O. W. Uber stereoisomere Diazo- 
cyanide und iiber Derivate von Diazokarbonsaiiren, 
Wiirzburg 1896. pp. 53. 

Scuwartz, A. M., and Perry, J. W. Surface 
active agents : their chemistry and technology. New 
York 1949. pp. xii + 579. ill. 

ScHwarz, E. Wie setzen wir die Verluste an 
fliichtigen Lésungsmitteln herab? Ein Buch fiir die 
Praxis. Berlin 1934. pp. 150. ill. 

ScrIBNER, B. F. See AMERICAN SOCIETY FOR 
TESTING MATERIALS. Committee E-2 on Spectro- 
graphic Analysis. 

SEARLE, A. B. The clayworker’s handbook. 5th 
edition. London 1949. pp. viii + 392. ill. 

SEEL, F. See Fiat REVIEW OF GERMAN SCIENCE 
1939—1946. Theoretical organic chemistry. 

SEIFEN-OLE-FETTE-WacHSE. Rundschau iiber die 
Harz-, Fett-, und Ol-Industrie. Year 74, etc. 
Augsburg 1948+. (Reference.) Continuation of 
SEIFENSIEDER-ZEITUNG, which see. 

SEIFENSIEDER-ZEITUNG. Rundschau 
Harz-, Fett- und Ol-Industrie. Year 73, No. 11— 
73, No. 12. Augsburg 1947. (Reference.) Continued 
as SEIFEN-OLE-FETTE-WACHSE, which see. 

SHELL CHEMICALCORPORATION. Allylalcohol. San 
Francisco 1946. pp. [vi] + 95. ill. 

SHELL PETROLEUM ComMPANY Royal-Dutch Shell 
Group. The petroleum handbook. 3rd_ edition. 
London 1948. pp. [x] + 658. ill. (Reference.) 

SHERMAN, H. C. Food products. 4th edition. 
New York 1948. pp. vii + 428. ill. 

Stmonps, H. R., WeEITH, A. J., and BIGELow, 
M. H. Handbook of plastics. 2nd edition. New 
York 1949. pp. xxiv+ 1511. ill. 

S1nGER, G. The earliest chemical industry. An 
essay in the historical relations of economics and 
technology illustrated from the alum trade. London 
1948. pp. xviii + 337. ill. (Reference.) 

Srr1, W. See Unitep States. Department of the 
Air Force, Air Materiel Command. 

StvapjIAN, J. La chimie des vitamines et des 
hormones. 3rd edition. Vol. I. La chimie des 
vitamines. Paris 1949. pp. vi + 485. 

SmiTH, D.M. See MITCHELL, J., JUN. 

SmitH, D. P. Hydrogenin metals. Chicago 1948. 
pp. xiii + 366. ill. 

SmiTH, F. J.,and Jonrs, E. A scheme of qualitative 
organic analysis. London 1948. pp. viii + 320. ill. 

SmitH,H.M. Torchbearers of chemistry; portraits 
and brief biographies of scientists who have contri- 
buted to the making of modern chemistry. New 
York 1949. pp. 270. ill. (Reference.) 

Soar. See SoutH Inpia Soap Makers’ As- 
SOCIATION. 

Société CHIMIQUE DE FRANCE. 


iiber die 


Vie et ceuvres de 


Joseph-Achille Le Bel, publiées a l'occasion du 
centenaire de sa naissance. By M. DELEPINE. 
Paris 1949. pp. 222. ill. 

Société DE CHIMIE PHYSIQUE and the FARADAY 
Society. Surface chemistry; papers presented for 
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a discussion at a joint meeting held at Bordeaux from 
5 to 9 October, 1947, in honour of Professor Henri 


Devaux. London 1949. pp. x + 334. ill. [Two 
copies. } 
SoOcIETY FOR EXPERIMENTAL BIoLoGy. Sym- 


posium No. 3. Selective toxicity and anti- 


biotics. Cambridge 1949. pp. vi-+ 372. ill. (Ref- 
evence.) 
SocIETY OF AMERICAN BACTERIOLOGISTS. Journal 


of Bacteriology. Vol. 51, etc. 
(Reference.) 

SociETY oF CHEMICAL INDUSTRY. Dust in indus- 
try. Papers read at the conference at Leeds, 28th— 
30th September, 1948, with the discussions which 
followed. London 1949. pp. 175. ill. (Reference.) 

Soppy, F. The story of atomic energy. London 
1949. pp. viii + 136. ill. 


Baltimore 1946 +. 


SoiL SCIENCE SociETy oF AMERICA. Proceedings 
1946. Vol. 11, etc. Morgantown 1947+. (Ref- 
evence.) 


So_vAY TECHNICAL AND ENGINEERING SERVICE. 
Bulletin No. 11. Water analysis; methods of 
analyzing water for municipal and industrial use. 


3rd edition. New York 1947. pp. 98. 

SouTH AFRICAN CHEMICAL INSTITUTE. The South 
African Industrial Chemist. Vol. 1, etc. Johannes- 
burg 1947 +. (Reference.) 

SouTtTH AFRICAN INDUSTRIAL CHEMIST, THE. See 
SouTtH AFRICAN CHEMICAL INSTITUTE. 

SoutH Inp1A Soap MAKERS’ ASSOCIATION. Soap. 


Vol. I, No. 2, etc. Cochin 1948+. (Reference.) 

SOUTHERN RESEARCH INSTITUTE. A survey of 
the research status of the peanut industry. Con- 
ducted and compiled under the direction of C. L. 
WRENSHALL. Birmingham, Ala. 1946. pp. 69. 

SouTHGATE, B. A. See DEPARTMENT OF SCIENTIFIC 
AND INDUSTRIAL RESEARCH. [Water Pollution Re- 
search.} 

SpaLTon, L. M. Pharmaceutical emulsions and 
eniulsifying agents. London [1949]. pp. viii +132. 
ill. 

Stacey, M. See Roya INSTITUTE OF CHEMISTRY 
OF GREAT BRITAIN AND IRELAND. 

STANDARD O1L Co. [and others]. 
lications. Year 1946. 
356. ill. 

STaPLEY, J. H. Pests of farm crops. London 
1949. pp. [viii] + 325. ill. 
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1-Acetylindole-2-carboxylic acid, S 139. 
pi-N-Acetyl-3:5-diiodotyrosine, benzyl, n-butyl, and 4’-nitro- 
benzyl ethers of, S 207. 
f-Acetyl-a-methylacrylic acid, preparation of, 97. 
3-Acetyl-2-methylchromone 2:4-dinitrophenylhydrazone, 2148. 
8-Acetyl-2-methylchromene, 7-hydroxy-, 2:4-dinitrophenyl- 
hydrazone, 2149. 
6-Acetyl-4-methylcoumarin, 5-hydroxy-, action of benzoyl 
chloride and pyridine on, 1915. 
derivatives of, 1917. 
2-Acetyl-3-methylcoumarone, 6-hydroxy-, and its 2:4-dinitro- 
phenylhydrazone, 2059. 
1-Acetyl-2-methylcyclohexene, npeaperetes of, 2025. 
and its 2:4-dinitrophenylhydrazone, 6 
1-Acetyl-2-methylcyclohexene, 5-hydroxy-, 
ative, semicarbazone, 618. 
1-Acetyl-2-methylcyclohex-2-ene, and its semicarbazone, 1897. 
3-Acetyl-4-methylcyclohex-3-ene-l-carboxylic acid, 1585. 
2-Acetyl-1-methylpiperidine, and its salts, 2097. 
3-Acetyl-1-methyl-5-isopropyl-2:4-dithiohydantoin, 2341. 
N-Acetyl-N-methylvaline, N -chloro-, 2350. 
Acetylnaphthalene, 6-chloro-2-amino-, and z-chloro-2-amino-, 
2-acetyl derivatives, 2403. 
2:6-dichloro-, 6-chloro- and z-chloro-2-hydroxy-, 2404. 
9-Acetyl-s-octahydroanthracene, 2047. 
Acetylpenicillamine, N-cyano-, and its benzylamine salt, 
3232. 
1-Acetylcyclopentene 2:4-dinitrophenylhydrazone, 1830. 
Acetylphenylarsonic acid, m-chloro-, 554 
Acetylphenyldichloroarsine, m-chloro-, 554. 
1-m-Acetylphenyl-2:5-dimethylpyrrole, and its semicarbazone, 
2886. 
4-Acetyl-1-phenyl-5-(2-hydroxy-4-methoxypheny])-3-methyl- 
pyrazole, and its derivatives, 2150. 
4-Acetyl-1-phenyl-5-o-bydroxyphenyl-3-methylpyrazole, and its 
derivatives, 2149. 
3-Acetyl-4-phenyl-lutidine-5-carboxylic acid, 2133. 
2-Acetyl 3:4-isopropylidene f-methyl-D-arabinoside, 1237. 
N-Acetyl-N-isopropylvaline, N-chloro-, 2350. 
4-Acetylsulphanilamidosalicylic acid, methyl ester, 1502. 
5-Acetyltetralin, 6-amino-, 6-acetyl derivative, 2403. 
6-Acetyltetralin, 5-amino-, 2403. 
7-Acetyltetralin, 6-amino-, and its 6-acetyl derivative, 2402. 
cis- and trans-B-Acetylthioacrylic acids, and their methyl 
esters, 3112. 
B-Acetylthio-y-methoxybutyric acid, 3103. 
B-Acetylthio-y-methoxybutyric acid, a-bromo-, 3108. 
5-N’-Acetylthioureido-2-benzylthio-1-methylglyoxaline, di- 
chloro-4’-cyano-, 3006. 
5-N -Acetylthioureido-2-bensylthio-1-methylelyoxaline-4-carb- 
oxyamide, 300. 
<= F2Acetyibioueio-L-methylgyoxaline-+-carboryamide, 


6H r-Restyithioureide--methylihie-1-methyigiyozalize, 
chloro-4-cyano-, 3 
5-N “»Acetylthioureido-2-methylthio-1-methylglyoxaline-4-carb- 
oxyamide, 3005. 
5-N’-Acetylthioureido-2-methylthio-1-phenylglyoxaline, di- 
chloro-4’-cyano-, 3007. 
5-N “Acetyithioureido-£-methylthio-I-phenylelyoxaline-4-carb- 
oxyamide 3007, 
N eaten 3:5-dinitro-, and its ethyl ester, 3430. 
2’-Acetyl uridine, and its derivatives, 2484. 
_ Cres me ically -active, synthesis of, 742. 
C,,, biologically-active, synthesis of, 287. 
Acid chlori ~ tertiary oo gg cyclisation of, 1946. 
anhydrides. See Anhydri 
halides, stability of om “* group in, 1961. 
Acids, aliphatic, synthesis of, from olefins, carbon monoxide, 
and steam, 2 
monobasic, crystal structure of acid salts of, 3357. 
carboxylic and sulphinic, effect of moisture on hydrogen bond 
in, 683. 


5-benzoyl deriv- 


di- 
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Acids, xr wy crystal and molecular structure of, 980, 
987, 993, 1001. 
fatty ‘monoethenoid, oxidation of, 1626. 
se ag methyl-substituted, 1541, 1545. 
ic, 236, 3089, 3098, 3105, 3109. 

rs) anic, optically active, silver salts, reaction of, with 
romine, 2372. 

tertiary, derivatives, reaction of, with aromatic compounds, 

1946, 1950, 1954, 1959, 1961. 
Acraldehyde, dipole moments of, 2962. 
Acridine, 5-amino-, nitration of, 1008. 

1:5- and 4:5-diamino-, 3:5:7-triamino-, 5-chloro-1-nitro- and 
-3:7-dinitro-, 1- and 4-nitro-5-amino-, 3:7-dinitro-5- 
amino-, and 1:3:7-trinitro-5-amino-, and their deriy- 
atives, 1009. 

2-chloro-, and 3-cyano-, 1151. 

5-chloro-, dehalogenation of, and its derivatives, 1148. 

reduction of, with chromous sulphate, 1663. 
Acridines, synthesis and reactions of, 1148. 
Acridine-3-carboxyamide, 1151. 
Acridone, 3:7-diamino-, reed 1:3:7-trinitro-, 1010. 
N 1.3-Acridyldiguanide, 160 
3-Acridylguanidine, 1665. 
Acrylic acid, ethyl ester, catalytic bromination of, 294. 
reaction of phenols with, 2035. 
Acrylic acid, a- stam a- -acetyl derivative, methyl ester and 
amide, 1970. 
derivatives, synthesis of, from serines, 1968. 
Acrylonitrile, condensation of, with fluorene derivatives, 1239. 
Actinide elements. See under Elements. 
Acylamidomalondialdehydes, synthesis of, 1549. 
eae, synthesis of, from aminomethyl ketones, 


N-Acylanilines, rearrangement of, 2719. 

Acylation, intramolecular, 3177. 

Acylation agents, fluorescent, from 7-hydroxycoumarin, § 12. 

3-Acylchromones, derivatives, properties and orientation of, 
2142. 


a-Acylcoumarones, 2057. 

Address, presidential, 2099. 

Adenosine = synthesis of, 2487. 
synthesis of, 1620. 

Adenosine-2’ phosphate, and its salts, 2481. 

Adenosine-3’ phosphate, and its N®*:5’-ditrityl derivative, 
2482. 


Adenosine-5’ dibenzyl pyrophosphate, 584. 
triphosphate, barium and triacridinium salts of, 585. 
synthesis of, 582. 
Adipic acid, crystal and molecular structure of, 987. 
Adsorption isotherms from chromatographic- elution data, 3280. 
Alanine, degradation of, with nitrobenzaldehydes, 8 166. 
derivatives, synthesis ‘and bacteriostatic action of, 1374. 
reaction of, with hydrindantin, 703. 
with ninhydrin, 702. 
DL-Alanine hydroxamic acid, 2094 
Alcohols, compressibility of soluble films of, 3404. 
epimeric, cyclohexane series, 1011, 1717. 
mechanism of reaction of, with aryl isocyanates, 9, 19, 24, 
27. 
— resolution of, use of N-substituted phthalamates in, 
77. 
polyhydric, derivatives of, 248. 
Alcoholysis, acid-catalysed, 557, 2188, 2192. 
Aldehydes, aliphatic, condensation of, ‘with hippuric acid, 2725. 
cyclic, aB-unsaturated, reactions of, 350. 
oxidation of, in the gaseous phase, 2208, 2217. 
reaction of, with pyridaz-3-one and its derivatives, 1248. 
unsaturated, electric dipole moments of, 2957. 
Aldimines, aliphatic, dipole moments of, 2318. 
Aldoses, met: reer determination and separation of, 928. 
oxidation of, with hypoiodous acid, 1213. 
Algee, marine, cellulose from, 3041. 
Alkali perborates, 3420. 
chlorides, neutron bombardment of, sulphur formed by, 
351. 


8 

hydroxides, dissociation constants of, 365. 

—* reactions of, with aromatic nitro-compounds, 1187, 
1316 


Alkaloids, Sgn synthesis of, 1311. 
curare, 955, 
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Alkaloids, lupin, 663. 
Senecio, 486. 
Alkenesulphonic acids, preparation and reactions of, 46. 
p-Alkoxy-N-arylbenzamidines, 3043. 
p-Alkoxybenzoic acids, dissociation constants of, 2466. 
Alkoxysilanes, infra-red spectra of, 127. 
ain halides, tertiary, kinetics of hydrolysis of, 2412. 
orthosilicates, formation mechanisms of, 2637. 
N-Alkylamino-acids, synthesis of, 2342. 
a-N-Alkylamino-acids, preparation of, 2334. 
a-N-Alkylamino-amides, preparation of, 2334. 
N-Alkylaminonitriles, reactions of, 2337. 
a-N-Alkylaminonitriles, Ye ape of, 2334. 
Alkylarsines, cyanoethy tion of, 67. 
Alkylbenzenes, interconversion of, 1779. 
Alkylearbinols, amino-, tertiary, and their derivatives, S§ 144. 
4-Alkyl syntheses with, 2726. 
Alkyliodosilanes, formation of, 2755. 
9-Alkylpurines, synthesis of, 1069. 
Allyl bromide, catalytic bromination of, 294. 
halides, heats of reaction of, with silver nitrate, 1145. 
Allyl—halogen bond strength, 1145. 
Allyloxyacetic acid, and its ethyl ester, 247. 
7-Allyloxy-2-methylchromone, 3081. 
p-Allyloxy-N-phenylbenzamidine, 3044 
Alumian, 2247. 
Aluminite, 2251. 
Aluminium hydroxide, fractionation of potato starch with, 1. 
sulphates, basic, 2239. 
Aluminium organic compounds :— 
Aluminium alkoxides, reductions with, 2641, 2646. 
tri-(3:3-dimethylbut-2-oxide), and _ tri-(4-methylpent-2- 
oxide), 2645. 
Alunites, 2253. 
Ambergris, constituents of, 2122. 
Amberlite I.R., 3289. 
Amides, thiol-, reactions of, with ethylene oxides, 278. 
Amidines, 449, 703. 
chem»therapeutic, 642. 
preparation of, 2097. 
salts of, 1996, 3319. 
Amidinocyclohexane picrate, 455. 
4-Amidinomorpholine hydrochloride, 2494. 
Amidone, homologues of, 648. 
preparation of, and its ‘hydrochloride, 514. 
synthesis of, 510. 
isoAmidone, homologues of, 648. 
Amines, aromatic, condensation ‘of, with furfuraldehyde, 777. 
polycyclic, 799. 
basic strength of, 1293. 
catalysis by, of nitramide decomposition in anisole solution, 
88. 





condensation of, with 4-chloro-6- and -7-nitroquinazolines, 
1014. 

cyanoethylation of, 67. 

diazotised, effect of water on coupling of, in ethanol-sulphuric 
acid, § 233. 

mechanism of reaction of, with aryl isocyanates, 9, 19, 24, 
27. 

optical resolution of, use of N-substituted phthalamates in, 


reaction of, with acetylene, 780. 
with ethylene and mercuric acetate, 733. 
— of, by partition chromatography, 2785. 
tert.-Amines, cyclic, reactions of, with N-halogeno-compounds, 
907. 


Amino-acids, 2099. 
action of X-rays on, 3256. 
bacteriostasis caused by, 1374. 
a-Amino-acids, colour reaction of, with perinaphthindane- 
1:2:3-trione, 1137. 
conversion of, into 2-substituted ethylamines, 181. 
degradation of, to aldeh og or ketones, § 163. 
reaction of, with ninhy: 702. 
a-Amino-ketones, Clemmensen reduction of, 2095. 
Aminomethylene group, test for, 766. 
Aminomethyl ketones, converion of, into acylamidopyrazines, 
300. 


a-Amino-nitriles, reaction of, with carbon oxysulphide, 1443. 
with hydrogen sulphide and ketones, 1061. 
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Ammonium ions, substituted, heats of ionisation of, 760. 
nitrate, fused, solubility of rare-earth hydroxides in, 2508. 
dinitrososulphite, structure of, 1787. 
salts as nitrogen source for bacteria, 372. 

fluoro-, 1279. 
quaternary, 3337. 
reaction of, with cyanides, 2097. 

4-n-Amylamino-6-methylpyrimidine, 2-amino-, 2455. 

4-n~Amylaminopyrimidine, 2456. 

n-Amylaniline, 3: 5-dinitro., 2787. 

—* action of, on amylopectin and on glycogen, 


n-Amylbenzacridines, and their picrates, 674, 675. 
2-n-Amyl-4-(4-carbomethoxy-5: 5-dimethylthiazolin-2-yl)- 
oxazole, 5-amino-, hydrochloride, 3234. 
5-acetyl derivative, hydrochloride, 3239. 

2-n-A myl-4-(4-carboxy-5:5-dimethyl-2-thiazolinyl oxazole, 
amino-, hydrochloride, 3235. 

Amylopectin, action of B-amylase on, 3200. 

Amylose, ection of Q-enzyme on, 1712. 
end-group assay of, 1109. 
from waxy maize starch, 5. 
isolation of, from potato starch, 4. 
synthesis of, by plant phosphorylase, 1449. 

2-n-Amyloxazole-4-carboxylic acid, benzyl] ester, 3231. 

p-n-Amyloxyanilinium benzenesulphonate, 2686 

ae may 5-dimethylpyrroles, 2885. 

Analgesics, 500, 510, 648. 
potential, anaes of, S 106, 111, 113. 

Analysis, absorptiometric, reversion rocedure in, 537. 
amperometric titration, with quinaldinic acid, 1793. 
chromatographic, partition, of mixed sugars, 928, 1659, 2511, 

2522. 


steric hindrance in, 1489. 
Androstane-3:5:6-triolones, stereochemistry and dehydration 


of, 2536. 
38:68-dihydroxy-, 3f-benzoyl-6B- 


Androstan-5a-ol-17-one, 
acetyl derivative, 2974. 
Androstan-17-one, 38:5a:68-trihydroxy-, 
and its derivatives, 2538. 
Androst-4-ene-3 §:6a-diol-17-one, 2539. 
Androst-4-ene-3 8:6 8-diol-17-one, 2539. 
Androstenedione, synthesis of, 1866. 
=. ne-6:17-dione, 3f8-hydroxy-, 
2539. 
Androst-4-en-3 8-ol-6:17-dione, 2539. 
Yer Beers 38-hydroxy-, 
Androst-4-en-17-one, 3f8:68-dihydroxy-, diacetyl derivative, 
2538. 
Androst-5-en-17-one, 3f8:48-dihydroxy-, diacetyl derivative, 
2539. 
Anhydrides, acid, stability of carbonyl group in, 1961. 
Anhydrocarboxyglycine, reactions of, 2325. 
1:6-Anhydro-f-p-galactose barium 2-sulphate, Walden inver- 
sion in hydrolysis of, 1597. 
1: 6-Anhydro-f-D-idose, derivatives of, 1590. 
3:6-Anhydro-a-methyl-p-galactoside, mono- and di-methane- 
sulphony] derivatives, 2545. 
2:3-Anhydro-f-methyl-p-riboside, 1234. 
Anhydroisoquinamine, and its salts, 737. 
2’:3’-Anhydro-p-ribopyranosidotheophylline-I/J, 2531. 
Anhydro-/-santonic acid, 1173. 
a-and f-Anhydrotetrahydro-~/-santonic acids, 1174. 
Anilides, halogenation of, 1389. 
Aniline, condensation of, with furfuraldehyde, bases prepared 
from, 777. 
dipole moments of, in benzene and 1:4-dioxan, 753. 
solvent effect on, 3057. 
equilibrium of, with benzene and dioxan, 2781. 
polarisation of, in benzene, 902. 
in benzene—dioxan, 2783, 2784. 
reaction of, with carbon monoxide, 1153. 
substituted derivatives, benzoylation of, 8 71. 
Aniline, 2:4:6-tribromo-, and p-chloro-, dipole moments of, 
2663. 
m-chloro-, quinaldines from, 2656. 
2-chloro-5-nitro-, 3435. 
3:5-dinitro-, N-alkylation of, 2785. 
hydrobromide, 2787. 


5- 


triacetyl derivative, 


acetyl derivative, 


acetyl derivative, 
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Anilinium benzenesulphonate, p-chloro-, and p-hydroxy-, 
2684 


ion, heat of ionisation of, 760. 
Anilinoacetanilide, 4-chloro-2-amino-, and 4-chloro-2-nitro-, 
1405. 
Anilinoacetic acid, reaction of, with hydrindantin, 703. 
Anilinoacetic acid, 5-chloro-2-nitro-, ethyl ester, 1265. 
Anilinoacetylpyridinium chloride, 4-chloro-2-nitro-, 1405. 
B-Anilino-a-benzamidoacraldehyde, 1552. 
4-Anilino-2-benzylaminopyrimidine, 2455. 
Anilinobis-2-propionic acid, di-S-benzylthiuronium salt, 70. 
“— ‘-Anilinobuta-1’:3’-dienyl)-8:7-benzbenzthiazole ethiodide, 


2-(4'-Anilinobuta-1’ :8’-dienyl)benzoxazole ethiodide, 36. 

2-(4’-Anilinobuta-1’:3’-dienyl)benzselenazole ethiodide and 
ethoperchlorate, 35, 36. 

2-(4’-Anilinobuta-1’:3 ’dienyl)benzthiazole ethiodide and etho- 
perchlorate, 35. 

2-(4’-Anilinobuta-1’:3’-dienyl)-3:3-dimethylindolenine 
perchlorate, 35. 

2-(4’-Anilinobuta-1’:3’-dienyl)quinoline ethiodide, 34. 
ethoperchlorate, 33. 

4-(4’-Anilinobuta-1’:3’-dienyl)quinoline ethiodide and etho- 
perchlorate, 34. 

2-(4’-Anilinobuta-1’:3’-dienyl)-A*-thiazoline ethiodide, 36. 

3-Anilino-5-n-butylamino-1:2:4-triazole, 3-p-chloro-, 1744. 

$-Anilinobut-1-yne, and its picrate, 782. 

4-Anilino-2-(carboxymethylthio)pyrimidine, and its hydro- 
chloride, 2455. 

2-Anilino-6- and -8-2’-diethylaminoethylaminolepidines, 2-p- 
chloro-, dipicrates, 3189. 

ee a rae, 
2-p-chloro-, methiodide, 474. 

4-Anilino-6-2’-diethylaminoethylaminoquinaldine, 4-p-chloro-, 
3188. 

2-Anilino-5-, -6-, and -8-2’-diethylaminoethylaminoquinolines, 
'2-p-chloro-, and their salts, 231. 

4-Anilino-6-2’-diethylaminoethylaminoquinoline, 
dipicrate, 3189. 

6-Anilino-4-2’-diethylaminoethylaminoquinoline, and its salts, 
232. 

— 5-dimethylthiazoline-4-carboxylic acid, ethyl ester, 


-Anilino-6-othylamino-1: 2:4-triazole, 3-p-chloro-, 1744. 

2-Anilino-4-ethyl-1:3:5-triazine, 6-amino-2-p- chloro-, 2568. 

Anilinofluorophosphonous acid, ethyl ester, 2925. 

2-Anilino-2-hydroxy-1:3-diketoindane, 2-p-hydroxy-, 1038. 

B-Anilino-f-(1-hydroxycyclohexyl)acrylic acid, lactone, 1427. 

a-Anilino-§-hydroxy-f-phenylpropionic acid, a-o-amino-, ethyl 
ester, and its derivatives, 2576. 

8-Anilino-4-hydroxyquinoline-3-carboxylic acid, 8-p-chloro-, 
and its ethyl ester, 232. 

2(or 6)-Anilino-3-keto-N-phenyl-1:2:3:6-tetrahydropyridine, and 
its derivatives, 778. 

<< nea and 2-p-chloro-, 


metho- 


4-p-chloro-, 


2-Anilaolepiine, amino- and nitro-2-p-chloro-derivatives, 
318 


ea 8-amino-4-p-chloro-, 230. 
8-nitro-4-p-chloro-, and its picrate, 230. 

4-Anilino-2-methyleminopyrimidine hydrochloride, 2455. 

$-Anilino-5-methylamino-1:2:4-triazole, 3-p-chloro-, 1744. 


2-Anilino-3-methylbut-1-en-3-ol-l-carboxylic acid, lactone, 
1428. 
4-Anilino-5-methyl-2-( carboxymethylthio)pyrimidine hydro- 


chloride, 2455. 
4-Anilino-6-methyl-2-(carboxymethylthio)pyrimidine, 2455. 
4-Anilinomethylene-2-(p-methoxy-f-methylstyryl)-4:5-dihydro- 

oxazol-5-one, 177. 
2-Anilino-6-methyl-1:5-naphthyridine, and 2-p-chloro-, 1159. 
B-Anilino-a-phenylacetamidoacraldehyde, 1552. 
a-Anilinophenylacetic acid, preparation of, 314. 
a-Anilinophenylacetic acid, a-p-chloro-, 314. 
2-Anilino-5-phenyl-1:3:4-oxadiazole, 1921 a 
2-Anilino-5-N’-phenylthioureidothiazole-4-carboxyamide, 3006. 
Anilinophosphonic acid, di-2-fluoroethyl ester, 2926. 
ne a og 2:4-triazole, 3-p-bromo-, and 

3-p-chloro-, 1744, 1745. 
4-Anilinopyridine, ’3: :4-0-diamino-, 3:4-o-dinitro-, and nitro- 

amino-, 2541. 
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Cette, amino- and nitro-4-p-chloro-derivatives, 

4-Anilinoquinazoline, 6- and 7-4-m- and -p-nitro-, 1016. 

2-Anilinoquinoline, amino-p-chloro-derivatives, 230. 
2-p-chloro-, and nitro-p-chloro-derivatives, and _ their 

derivatives, 229. 

6-Anilinoquinoline, 4-chloro-, and 4-hydroxy-, 232. 

2-Anilinothiazole-4-carboxyamide, 5-amino-, 3006. 

2-Anilinovinyl-2’-methyl-4:4’-dipyridyl 1-ethiodide and 1- 
methiodide, S 119. 

2-Anilomethylindane-1:3-dione, 2138. ? 

2-Anilo-3-methylthiazole, 5-amino-, and its 5-acetyl deriv- 
ative, 2345. 

4-Anilopentan-2-one, 4-o-hydroxy-, 1496. 

2-Anilo-3-phenylthiazolid-4-one-5-acetanilide, 1798. 

2-Anilo-3-phenylthiazolid-4-one-5-acetoethylamide, 1798. 

2-Anilo-3-isopropylthiazole, 5-amino-, 2346. 

2-Anilothiazolid-4-one-5-acetanilide, 1798. 

Aniloxanthen, m- and p-nitro-, 235. 

Anisaldehyde, 3:5-diiodo-, and its dimethy] acetal, 2370. 
2-nitro-, preparation and derivatives of, S 230. 

Anisaldoxime, 2-amino-, S 230. 

p-Anisamidine toluene-p-sulphonate, 455. 

4-Anisidino-2-(carboxymethylthio)pyrimidine, 2455. 

4-p-Anisidinopyridine, 3-amino-4-(2-amino)- and 3-nitro-4-(2- 
nitro)-, 2541, 2542. 

4-p-Anisidinoquinazoline, 6- and 7-nitro-,; 1017. 

Anisole, reaction of, with pivaloyl chloride, in presence of 

aluminium chloride, 1960. 

8-tritsocyanate, 1754. 

Aniso-m- and -p-nitroanilides, 3323. 

B-Anisoyl-aaf-trimethylbutyric acid, 1954. 

Anisyl alcohol, 3:5-diiodo-, 2371. 

N-p-Anisylbenzamidine, and its salts, 453. 

9-p-Anisylphenanthridine, and 7-nitro-, and their picrates, 706. 

Annual General Meeting, 1329. 

Anthracene, aza-derivatives, electronic structure of, 971. 
oxidation of, and of its derivatives, 3061. 

—— acid, 4-hydroxy-, and its esters and hydrochloride, 


. -- derivatives, from Coprosma acerosa bark, 1246. 
from Coprosma lucida bark, 1241. 
N'.2-Anthryldiguanide, 1665. 
2-Anthrylguanidine, 1665. 
Antibiotics, production of, by fungi, 1022. 
Antimalarials, new, 1017. 
synthetic, 98, 221, 227, 469, 475, 1133, 1257, 1260, 1271, 
1458, 1732, 1739, 2556, 2561. 
Antimony bromooctafluoride, 2868. 
Antipyrin, dielectric polarisation and spectra of, and of its 
derivatives, 2812. 
Antiseptics, intestinal, sulphanilamidocarboxyamides as, 3304. 
Antisera, radioactive tracers in, S 408. 
Antituberculous compounds, 2680, 2683, 3043. 
4-L-Arabinosidamino-5-(2’:5’-dichlorob )-2-methyl- 
—, 6-amino-, and its derivatives, 1618, 1619, 
pL-Arabitol, synthesis of, S 48. 
pD-Arabofuranose, trityl derivatives of, 299. 
9-a-D-Arabofuranosidoadenine, and its picrate, and 2:8-di- 
chloro-, 2309. 
9-L-Arabopyranosido-2-methylthioadenine, 1619. 
pD-Arabopyranosidotheophylline-J/, 2-chloro-3’:4’- diacety] 
derivative, 2530. 
Aragonite, transformation of, into calcite, S 265. 
Aromatic compounds, acylation of, by pivaloy] chloride, 1959. 
a reactions with disubstituted dihydro-derivatives 
of, 2497. 
kinetics of halogen substitution in, 933. 
oxidation of, by free hydroxyl, 2427. 
reaction of, with derivatives of tert.-acids, 1946, 1950, 1954, 
1959, 1961. 
relative reactivity of double bonds in, 456. 
substitution in, influence of directing groups on nuclear 
reactivity in, 575. 
o:p-ratio in, 2871. 
Aromoline, structure of, 2767. 
Arsenic trioxide, a of, in solution, 1305. 
Arsenic electrodes. under Electrodes. 





Arsines, cyanoethylation of, 67. 
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Aryl isocyanates, mechanism of reaction of, with alcohols and 
amines, 9, 19, 24, 27. 4 
disulphides, preparation of, 3434. 
N'-Aryl-N*-alkyldiguanides, synthesis of, 98. 
a-Arylalkyltrimethylammonium iodides, structure of, 1174. 
N-Arylamidinium salts, ammonolysis of, 449. 
Arylamines, primary, high-pressure reactions of, with carbon 
monoxide, 1151. 
Arylaminodialkylaminoalkylaminoquinolines, 227. 
Arylazotriarylmethanes as polymerisation catalysts, 1807. 
Arylbutadienes, cyclisation of, 3194. 
1-Aryl-4:5-dihydroglyoxalines, synthesis of, 1308. 
Aryl-2-halogenoalkylamines, 183, 1972, 2589, 2824, 2831. 
w-Aryloxyalkylamines, halogenated, activity of, against M. 
tuberculosis, 2680. 
Arylsulphonylarylcyanamides, synthesis of, effect of substit- 
uents on, 3029. 
Arylsulphonylcyanamides, substituted, synthesis of, 1034. 
p-Arylsulphonylphenylethylamines, 178. 
Arylsulphonylpropane derivatives, reactions of, 2198. 
Arylureas, conversion of, into s-diarylureas, 2292. 
Asparagine, deamidation and deamination of, 379. 
Aspergillic acid, 8 126, 131. 
cyclic hydroxamic acids related to, 2707. 
Aspergillus flavus, culture filtrates of, 8 126. 
flacacol from, 2586. 
Aspergillus oryze, kojic acid formation by, from ethyl alcohol, 
110. 


Atranol, preparation of, 3278. 

Auric fluorides. See under Gold. 

Aurothiocyanic acid, potassium salt, 1840. 

Auxin-a and -b, compounds related to, 1419. 

a-Azadimethin{ 1:2-diphenyl-3-indole }[ 2-quinoline], 2908. 

a-Azadimethin{2-phenyl-1-ethyl-3-indole |[2-quinoline], 2908. 

p-Azadimethin-1-({1’-phenylindolo(3’:2’-3:4)isoquinoline][ p-di- 
methylaminobenzene], 2914. 

p-Azadimethin-1-[1’-phenylindolo(3’:2’-3:4)isoquinoline]-3”- 
[1’’:2’’-diphenylindole}, 2914. 

4-Azafiuorenones, 2134. 

Aza-hydrocarbons, electronic structure of, 971. 

“ Azibenzil,” dipole moment and ultra-violet spectrum of, 
2082. 

Azides, preparation of, from aryldiazonium sulphates, 762. 

Azines, light absorption by, 1898. 

cis-Azobenzene, existence and nature of, 1595. 

Azobenzene-4-sulphonic acid, derivatives of, 8 15. 

Azo-compounds, isomeric, from l-naphthylamine and diazo- 
nium compounds, 2282. 

Azo-3-(1:2-diphenylindoles), 2909. 

Azole series, 1061, 1064, 1069, 1071, 1435, 1437, 1440, 1443, 
2323, 2329, 2337, 2342, 3001, 3007. 

Azomethines, ultra-violet light absorption by, 1898. 

Azomethine group, activated, additive properties of, 2633. 

Azonaphthalenes, amino-, 3436. 

1:1’-Azonapthalene, 2:3’-dinitro-4’-amino-, 3436. 

1:2’-Azonaphthalene, 1’-chloro-4:4’-dinitro-, 3436. 

Azo-3-(2-phenyl-1-ethylindole), 2909. 

Azoxybenzene, equimolecular mixture of, with hydrazo- 
benzene, compared with cis-azobenzene, 1595. 


BAL, triacetyl derivative, 254. 
BAL-Intrav, 244. 
Bacteria, chemistry of, 885. 
coliform, growth and nitrogen utilisation by, 372, 375, 380. 
Bacteriostasis caused by amino-acids, 1374. 
Bacterium lactis aerogenes, conditions for optimum growth rate 
of, 2516. 
Bacury fat, glycerides of, 8 87. 
Balance, micro-, 1746. 
torsion micro-, for measuring low surface pressures of 
monolayers, 894. 
Balance sheets, 1342. 
Baphia nitida. See Barwood. 
Barium carbonate, thermal behaviour of, 8 266. 
herafluorovanadate, 2982. 
hydroxide, dissociation constant of, 367. 
sulphate, loosening temperature of, S 264. 
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Barwood, constituents of, 1571. 
Basaluminite, 2265. 
Base, and its perchlorate, from reduction of 2(or 6)-anilino-3- 
keto-N-phenyl-1:2:3:6-tetrahydropyridine, 779. 
and its perchlorate, from reduction of 2(or 6)-p-toluidino-3- 
keto-N-p-toly]-1:2:3:6-tetrahydropyridine, 779. 
Bases, tertiary, reaction of, with phosphoric, phosphorous, and 
pyrophosphoric esters, 815. 
Bayerite, 2262. 
Beaver, Canadian, scent glands of, 2115. 
Benzaldehyde, reaction of, with metallic halides, 2601, 2613. 
synthesis of, 2614. 
Benzaldehyde, 4-chloro-3:5-dinitro-, and 3:5-dinitro-4-hydr- 
oxy-, and their derivatives, S 195. 
halogeno-derivatives, polar effects of halogen substituents 
on aldehyde—cyanohydrin reaction with, 1089. 
o-nitro-, dipole moment of, 1467. 
p-nitro-, benzylhydrazone, 312. 
Benzaldoximes, isomeric, dipole moments of, and of furfur- 
aldoximes, 1462. 
Benzamidine, 2-chloro-, and 2:4-dichloro-, salts, 455. 
Benzamidinium chromate, 2001. 
Benzanilide, tetrachloro-, reaction of, with N-methylpiperidine 
in benzene, 908. 
1:2 PD sh 
pyridine, 458. 
1:2-Benzanthracene, 2’-, 4’-, and 10-amino-, 4’-bromo-, and 
1’:9-imino-, and their derivatives, 801, 802. 
1:2-Benzanthracene-4’-carboxylic acid, 801. 
1:2-Benzanthraquinone, 2’- and 4’-amino-, and their acetyl 
derivatives, and 4’-cyano-, 801, 802. 
1:2-Benzanthraquinone-4- and -4’-carboxylic acids, 801, 802. 
a ee derivatives, replacement of substituents 
in, q 
1:2-Benzazulene, synthesis of, and its derivatives, 825. 
4:5-Benzazulene, and its additive compounds, 1051, 1053. 
9:10-Benzbicyclo[ 5:3:0|dec-9-en-3-ol, 830. 
9:10-Benzbicyclo[ 5:3:0}dec-9-en-3-one, and 
phenylhydrazone, 830. 
Benzene, action of neutrons and of a-rays on, 3254. 
action of X-rays on, 3245. 
alkylation of, by pivaloyl chloride, 1954. 
bromination of, iodine-catalysed, 934. 
derivatives, acylation of, with tertiary acid chlorides, 1950. 
equilibrium of, with aniline and dioxan, 2781. 
kinetics of isocyanate—alcohol reaction in, 27. 
magnetic susceptibility of, 134. 
polarisation of aniline in, 902. 
substitution in, o:p-ratios and orientation in, 463. 
8-tritsocyanate, 1754. 
Benzene, 2:4:6-iriamino-, and 2:4:6-triaminomonochloro-, 1753. 
chloro-, 3-triisocyanate, 1754. 
1-chloro-2-bromo-4-nitro-, 1992. 
nitro-, hydroxylation of, 2074. 
dinitro-derivatives, reactions of, with sodium sulphides, 1316. 
nitroso-, reaction of, with 1:3-diphenylisobenzofuran, 256. 
4-B 2-tert.-butylnaphthalene, l-amino-4-p-nitro-, 
1995. 
3-Benzeneazo-1:2-diphenylindole, 2910. 
Seesaw et 


, reaction of, with osmium tetroxide and 





its 2:;4-dinitro- 





droxybenzotrifiuoride, 3020. 
f-naphthol, 2:4-diiodo-4-nitro-, 8 234. 
2-Benzeneazo-1-naphthylamine, 2286. 
2-Benzeneazo-1-naphthylamine, 2-m- and -p-chloro-, and their 
acetyl derivatives, 2288. 














4-B a-naphthyl-N N-di-(2-chloroethyl)amine, 1974. 
2-B phenol, 4-nitro-2-p-nitro-, preparation of, 89. 
3-B 2-phenyl-1-ethylindole, 2909. 


Benzenediazonium sulphate, p-nitro-, decomposition of, in 
neutral solution, 87. 

Benzenesulphinic acid, association of, in benzene and nitro- 
benzene, 686, 687. 

Benzenesulphonamide, spectrum of, absorption, and structure, 
410. 


Benzenesulphonylbromophenylcyanamides, and m-nitro-, 3031. 

Benzenesulphonyl-o-chlorobenzhydrazide, 700. 

Benzenesulphonyl-o-chlorophenylcyanamide, 3031. 

Benzenesulphonyldiphenylylcyanamides, and m-nitro-, 3030. 

Benzenesulphonylethoxyphenylcyanamides, and m-nitro-, 3030. 

Sa fe gy ae ee acid, N-p-amino-, N-p-acetyl 
erivative, diethyl ester, 2006. 
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caine and p-nitro-, 1037, 


4-Benzenesulphonyloxytoluene, 3:5-dinitro-, 8 197. 
Benzenesulphonylphenylcyanamide, and p-nitro-, 1036, 1037. 
Benzenesulphonyl-p-tolylcyanamide, 1037. 
Benzenesulphonyltolylcyanamides, and m-nitro-, 3030. 
3:4-Benzfluoranthene-1’:4’-quinone, 1514. 
1:2-Benzfluorenone, 3-hydroxy-, 1087. 
7:8-Benzheptaphene, 2440. 
7: 8-Benzheptaphene-5: 18:10:15-diquinone, 2442. 
2:3-B heptenol, and its acetate, 2426. 
Benzhydrol-4:4 ’-bis(trimethylammonium) salts, 3338. 
Benzhydroxamic acid, p-amino-, 2094. 
a-Benzhydryl-c-allylmalonic acid, ethyl ester, 2187. 
1-Benzhydryl-n-but-3-ene-1-carboxylic acid, 2187. 
Benzhydrylmalonic acid, ethyl] ester, 2187. 
Benzhydrylnitroamine, and 4:4’-dibromo-, and their S-benzyl- 
thiuronium salts, 1885. 
Benzidine transformation, 1939. 
Benziminazole, 5(or 6)-chloro-, and its es 1268. 
Benziminazoles, preparation of, from Schiff’s bases, 2971. 
related to pteroic and pteroylglutamic acids, 1401. 
synthesis of, from o-phenylenediamines and imino- ethers, 
1396. 
boxy-y-piperidinopropylamide, 5(or 6)- 
chloro-, 1268. 


Benziminazole-2-carboxylic acid, 5(or 6)-chloro-, and its 
6(or 6)-chlorobenziminazole ester, 1268. 
p~(2-Benziminazolyl)methylaminobenzoic acid, and its salts and 
derivatives, 1402, 1403. 
ee eee acid, p-5-chloro-, and 
its salts, 
p-(2-Benziminazoly!)methylaminobenzoylglutamic acid, p-5- 
chloro-, and its ethyl ester, and their salts, 1404. 
p-2-(Benziminazolyl)methylaminobenzoyl-1-glutamic acid, and 
its ethyl ester, and their salts, 1404. 
p-(2-Benziminazolyl)methylaminobenzoyl-pL-methionine, 1405. 
 *- _ cera N-5-chloro-, and its salts, 
' 1405. 
4:5-Benzindan-1-one-3-acetic acid, 3181. 
Benzo-p’-carbethoxyaminoanilide, p-nitro-, 3323. 
Benzodi-(2-chloroethyl)amide, 552. 
o-Benzoethylamidophenol, 2671. 
Benzoic acid, action of X-rays on, 3245. 
additive effect of substituents on strength of, 1180. 
and p-hydroxy-, dissociation constants of, 2466. 
association of, in nitrobenzene, 685. 
Benzoic acid, 2-amino-5-hydroxy-, 2:5-diacetyl derivative, and 
its methy] ester, 888. 
ey se ae no and its methyl ester, S 188. 
3:5-diiodo-4-h po -, 4-acetyl derivative, 8 207. 
o-nitro-, (+)- vee eater, 2644. 
2-nitro-4- hydroxy-, and its ethyl and methy] esters, 1502. 
thiol-, chloropropy] ester, 286. 
-Bonzomethylamido-S-phenyl-1: 3:4-thiadiazole, 1167. 
2-pyrans, thermotropy of, 2088. 
crn eet methylthio- derivatives of, 352. 
Benzophenone, pp’-dihydroxy-, dibenzyl derivative, 443. 
Benzophenones, p-substituted, 3337. 
Benzoquinone, catalysis of addition of cyclopentadiene to, 3046. 
Benzotrifluoride, preparation of, 8 97. 
Benzotrifiuoride, m-amino-, acetyl derivative, 4-fluoro-3- 
amino-, 3-acetyl derivative, and 4-fluoro-3-nitro-, S 98, 99. 
3: :5-diamino-, 2- and 3-amino-5-hydroxy-, chloroamino-, 
o—— derivatives, 5-chloro-2-nitro-2:5- and- 3:5-di- 
wee xy-, and their derivatives, 3018, 3019. 
xy-derivatives, 3016 
a m-amino-, and its acetate, 3020. 
Benzoxazoles, preparation of, from Schiff’s bases, 2971. 
Benzoyl peroxide, oxidation of phenols with, 3189. 
Benzoylacetamidomalonic acid, ethy] ester, 93. 
6-Benzoylacetyl-4-methylcoumarin, 5-hydroxy-, 
hydroxy-6-p-nitro-, 1917. 
trans-B-Bensoylacrylic acid, methyl ester, 2:4-dinitrophenyl- 
hydrazone, 120. 
Benzoylation of substituted anilines, § 71. 
5-Benzoy!-3:4-benzacridine, and its picrate, 675. 
2-Benzoyl-5-tert.-butylbenzoic acid, 1314. 
N-Benzoyl-p-chlorophenyleyanamide, 2570. 
1-Benzoyldimethylthiosemicarbazides, 1165. 
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1-Benzoyl-4:S-dimethylisothiosemicarbazide, 1920. 
3-Benzoyl-2:3-diphenylphenanthro-9’:10’-5:6-dioxen, S 85. 
4-Benzoylfiuoranthene, and its derivatives, 343. 
4- and 11-Benzoylfluoranthene-2’-carboxylic acids, and their 
methy] esters, 344. 
2-Benzoylfluorene dinitrophenylhydrazone, 345. 
2- and 7-Benzoylfluorenone-1-carboxylic acids, 343. 
Benzoylformic acid, Jevomenthyl ester, mutarotation of, in 
alcoholic solution, 8 169. 
Benzoyl-l-glutamic acid, p-amino-, and p-nitro-, and their 
ethyl esters, 1403, 1404. 
p-nitro-, methyl] ester, 1405. 
pDL-~N2-Benzoylhistidine, methy! ester, 2181. 
Benzoyl-p1-methionine, p-amino-, and p-nitro-, 1404, 1405. 
B-Benzoyl-a-methylacrylic acid semicarbazone, 2141. 
3-Benzoyl-2-methylchromone, 7-hydroxy-, and its 7-acetyl 
derivative, and its 2:4-dinitrophenylhydrazone, 2149. 
5-Benzoyl-3-methylcoumaran, 6-hydroxy-, 2060. 
am ry van and its derivatives, 


1-Benzoyl-4-methylhexa-1: 3-dien-5-yne, 1433. 

1-Benzoyl-S-methyl-4-isopropylisothi ide, 1920. 

1-Benzoyl-S-methylisothiosemicarbazide, <y 1-p-chloro- and 
-p-nitro-, 1920. 

1-Benzoyl-S-methylisothiosemicarbazides, 1918. 

1- and 2-Benzoylnaphthalenes, and their 2:4-dinitropheny]l- 
hydrazones, 345. 

3’-Benzoyl-2’-p-nitrophenyl-4~methylchromono(7’:8’-6:5)pyr- 
2-one, 1918. 

Benzoylphenyldihydrobenzthiazine, 281. 

2-Benzoyl-4(5)-phenylglyoxaline, and its 2:4-dinitropheny]- 
hydrazone, 911. 

2-Benzoyl-4(5)-phenylglyoxaline, dibromo-, 912. 

2-Benzoyl-1-phenyl-3-methyl-4-azafluorenone, 2137. 

— :4-dihydro-4-azafluorenone, 





1-Benzoyl-4-phenyl-S-methylisothi icarbazide, 1920. 

ag a an gy acid, methyl ester, and its 2:4-dinitrophenyl- 
hydrazone, 12 

1-Benzoyl-4-is propylthi i bazid > 1165. 

2-Benzoylpyridine, 2-o-amino-, and 2-o-nitro-, and their 
picrates, 2411. 

5-Benzoyl p-ribose, derivatives of, 1616, 1617. 

O-Benzoylserine, 593. 

5-Benzoyl-1:2:3:4-tetrahydrofluoranthene, and its 2:4-dinitro- 
phenylhydrazone, 345 

jeanne and 1-p-chloro-, and 1-p-nitro-, 
ll 








1. Rp Whi ry ‘heewid, 1163. 

N- and O-B yithreoni 593. 

3 ’-Benzoyl-2’-o-tolyl-4-methylchromono(7 :8’-6:5)pyr-2-one, 
1918. 


Benzthiazole, 6-substituted derivatives, 355. 
Benzthiazole, 6-amino-, 6-bromo-, 6-chloro-, 6-cyano-, and 
6-hydroxy-, and their derivatives, 360. 
7-bromo-6-amino-, 362. 
2-iodo-, methiodide, 1505. 
2-mercapto-, and its metallic derivatives, structure and 
absorption spectra of, 405. 
Benzthiazole-6-carboxylic acid, and its derivatives, 360. 
B-(6-Benzthiazolylamino)crotonic acid, ethyl ester, 361. 
2-Benzthiazolyl N’-cyclohexyl sulphenamide, structure and 
absorption spectrum of, 407. 
Benzyl ammonium ogo 820. 
bromide, 2:6-dichloro-, and its hydrochloride, 2706. 
chloride, nitration of, in acetic anhydride, 578. 
chloride and cyanide, p-fluoro-, preparation of, 2748. 
halides, heats of reaction of, with si ver nitrate, 1145. 
quaternary salts, amino-, instability of, 2070. 
N-Benzyladrenalone, and its monoethanolate, 93. 
N-Benzylaminoacetonitrile hydrochloride, 312. 
B-Benzylamino-o-benzamidoacraldehyde, 1552. 
6- throne, 2713. 











Benz: 
2-Benzylaminobenzthiazole, 3314. 
3-Benzylaminobut-1l-yne, and its hydrochloride, 782. 
4-Benzylamino-2-(carboxymethylthio)pyrimidine, 2455. 
2-8-Benzylaminocrotonyl-4-methylphenol, 2149. 
2-8-Benzylaminocrotonylphenol, 2148. 
a ee: and its hydrochloride, 

» 149. 
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6-Benzylamino-2-hydroxy-9-methylpurine, and its 2-benzyl 
derivative, 2495, 2496. 

4-Benzylamino-2-hydroxypyrimidine. See N-Benzyl ine. 

2-Benzylaminopyrimidine, 4-amino-6-hydroxy-, 4:6-dichloro-, 
and 4:6-dihydroxy-, 2493. 

Benzylammonium ion, heat of ionisation of, 760. 

Benzylbenzacridines, and their picrates, 674, 675. 

2-Benzylbenziminazole, 1398. 

Benzyl-1:2-benzoxanthhydrol, S 85. 

1-Benzyl-n-but-3-ene-1-carboxylic acids, derivatives of, 2186. 

p-Benzylbutyric acid, a-cyano-, ethyl ester, 3198. 

2-Benzyl-4-(4-carbomethoxy-5: 5-dimethyl-2-thiazolidinyl)- 
oxazole, 5-amino-, 5-acetyl derivative, 3239. 

2-Benzyl-4-(4-carbomethoxy-5: 5-dimethyl-2-thiazolinyl)- 
oxazole, 5-amino-, 5-acetyl derivative, 3239. 

2-Benzoyl-4-(4-carbomethoxy-5:5-dimethyl-A*-thiazolin-2-yl)- 

oxazoline, 5-imino-, 3234. 
and its hydrochloride, 3235. 

2-Benzyl-4-(4-carbomethoxy-5:5-dimethyl-2-thiazolinyl)- 
thiazole, 5-amino-, and its 5-acetyl derivative, 3239. 

2-Benzyl-4-(4-carbomethoxy-3:5:5-trimethyl-2-thiazolidyl- 
idene)oxazolone, 3219. 

2-Benzyl-4-(4-carboxy-5:5-dimethyl-2-thiazolidylidene)- 
oxazolone, nickel complex, 3220. 

2-Benzyl-4-(4-carboxy-5:5-dimethyl-2-thiazolinyl)oxazole, 
5-amino-, hydrochloride, 3235. 

N-Benzyleytosine, 2456. 

Benzyl-2:3-7:8-dibenzoxanthhydrol, S 85. 

1-Benzyl-3:4-dihydroisoquinoline, and its hydrochloride, 2589. 

Benzyldimethyl-3:3-diphenyl-3-hydroxypropylammonium 
chloride, 8 150. 

2-Benzyl-4-(5:5-dimethyl-4-hydroxymethyl-2-thiazolidylidene)- 
oxazolone hydrochloride, 3220. 

3-Benzyl-4:5-dimethylthiazole-2-thione, 788. 

O0-Benzyleugenol, 6-nitro-, 187! 

Benzylethylacetic acids, optically-active, silver salts, reaction 
of, with bromine, 2373. 
(1-Benzylethylidene)cyanoacetic acid, ethyl ester, and its 
2:4-dinitrophenylhydrazone, 3197. 
Benzyl 2-fluorenyl ketone, p-diamino-, p-diacety] derivative, 
659. 

N-Benzylglycine, N-nitroso-, 312. 

2-Benzylglyoxaline, 4-cyano-, 1551. 

Benzylguanidine, p-amino- and p-nitro-, hydrochlorides, 2723. 

Benzyl—halogen bond strength, 1145. 

3-Benzylhexahydro-1:3:5-triazine, 1:5-dinitro-, 1640. 

5-Benzylhydantoin, 5-3’:5’-dinitro-4’-hydroxy-, and its deriv- 
atives, S 202, 203. 

L-5-Benzylhydantoin, 5-(3-nitro-4-hydroxy)-, and 5-(3:5-di- 
nitro-4-hydroxy)-, 3429. 

Benzylidene dibromide, 4-bromo-3:5-dinitro-, 8 195. 

Benzylideneacetone, reaction of, with 9-fluorenyl-lithium and 
with 9-fluorenylmagnesium bromide, 53. 

3’:5’-Benzylidene adenosine, and its derivatives, 2481. 

2-Benzylideneaminophenol, 2-p-amino-, acetyl derivative, and 
2-p-chloro-, 2971. 

9-Benzylideneanthrone, reactions of, in sunlight, 8 81. 

Benzylidene-1:2-benzoxanthen, S 85. 

Benzylidenebisformamide, 5-chloro-2-nitro-, 1370. 

Benzylidenebis-4-morpholine, 2345. 

Benzylidene-2:3-7:8-dibenzoxanthen, S 85. 

Benzylidenefurfurylideneazine, 1902. 

1:3-Benzylideneglycerol, and its 2-allyl ether, 247. 

2-Benzylidenecyclohexanone, dipole moments of, 2962. 

2-Benzylidenehydantoin, and its derivatives, ultra-violet 
absorption spectra of, 207. 

5-Benzylidenehydantoin, 5-hydroxy-, toluene-p-sulphonyl 
derivative, and 5-3-nitro-4’-hydroxy-, § 202. 

Benzylideneindane-1:3-dione, 4-nitro-, 2137. 

Benzylidenelactamide. See 2-Phenyl-5-methyloxazolid-4-one, 

1-Benzylidene-S-methylisothiosemicarbazide, and its hydr- 
iodide, 1162 

Benzylideneoxazole, p-nitro-, 3176. 

N-Benzylidene-o-phenylenediamine, N-p’-cyano-, N-m’-nitro-, 
and 4:N-p’-dinitro-, 2971. 

9-Benzylidenexanthen, S 86. 

3-Benzylmethylamino-1:1-diphenylpropyl 
chloride, 506. 

2-Benzyl-1-methylbenziminazole, and its picrate, 1398. 

8-Benzyl-a-methylbutyric acid, a-cyano-, ethyl ester, 3198. 


cyanide hydro- 
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2-Benzyl-4-(3-methylcarbamyl-4-carbomethoxy-5:5-dimethyl-2- 
thiazolidinyl)oxazole, 5-amino-, 5-acetyl derivative, 3239. 

3-Benzyl-1-methyl-3:4-dihydroisoquinoline picrate, 1078. 

3-Benzyl-4-methyl-5-methylenethiazolidine-2-thione, 788. 

N-Benzyl-N-methylmorpholinium chloride, N-p-nitro-, 819. 

2-Benzyl-4-methyloxazoline-4-carboxylic acid, 5-imino-, 
ethyl ester, 3225. 

2-Benzyl-4-methylthiazole, and its salts, S 109. 

Benzylnitroamine S-benzylthiuronium salt, 1886. 

2-Benzyl-4-(3-nitroso-4-carbomethoxy-5:5-dimethyl-2-thiazolid- 
inyl)oxazole, 5-amino-, 5-acety] derivative, SS-oxide, 3240. 

3-N-Benzyloxamyl-2:2:5: 5-tetramethylthiazolidine-4-carborylic 
acid, 2356. 

2-Benzyloxazole, 4-cyano-, 1551. 

2-Benzyloxazole-4-aldehyde, and its 2:4-dinitrophenylhydr- 
azone, 1552. 

2-Benzyloxazole-4-carboxyamide, 1552. 

2-Benzyloxazole-4-carboxyl chloride, 1552. 

2-Benzyloxazole-4-carboxylic acid, 5-amino-, benzyl and ethy} 
esters, and their hydrochlorides, 3231. 

5-Benzyl 2:3-isopropylidene methyl-p-ribofuranoside, 1622. 

S-Benzyl-N-isopropylisothiourea hydrochloride, 479. 

2-Benzylpyridine, 2-0o- and -p-nitro-, 2-2’:4’-dinitro-, and 
2-2’-nitro-4’-amino-, 2411. 

Benzylisoquinolinium chlorides, amino-, and nitro-, 2073. 
salts, amino-, nitroamino-, and nitro-, and their derivatives, 

2072. 

Benzyl a-quinolyl ketone, 2:4-dinitrophenylhydrazone, 175. 

5-Benzyl D-ribofuranose, 1623. 

5-Benzyl D-ribose, 2:3:4-triacetyl derivative, and its diethy} 
thioacetal, 1623. 

Benzylsuccinic acid, preparation of, 1888. 

B-Benzylsulphinylacrylic acid, 3112. 

B-Benzylsulphonylacrylic acid, 3112. 

6-Benzylsulphonyl 1:2:3:4-diisopropylidene D-galactose, S 180. 

3-Benzylsulphonyl 1:2-5:6-diisopropylidene D-glucose, S 179. 

B-Benzylsulphonyl-p-methoxybutyric acid, 3103. 

3-Benzylsulphonylprop-2-en-1-ol, 2205. 

————e—e acid, levomenthyl and methyl] esters, 

79. 

p-6-Benzylsulphonyl 1:2:3:4-tetra-acetyl D-glucose, S 180. 

N-Benzylsydnone, 312. 
dipole moment of, 748. 
spectrum of, absorption, ultra-violet, 8 105. 

2-Benzylthiazole-4-carboxyamide, 5-amino-, 1442. 

cis- and trans-B-Benzylthioacrylic acids, 3111. 

p-Benzylthiobenzaldehyde, 1377. 

p-Benzylthiobenzoic acid; and its derivatives, 1376, 1377. 

at erences acid, a-amino-, a-benzoyl derivative, 

7. 


2-Benzylthiodihydroglyoxalinium chloride, 2002. 
B-Benzylthio-8-(1-hydroxycyclohexyl)acrylic acid, lactone, 1430. 
trans-B-Benzylthio-8-(1-hydroxycyclohexyl)acrylic acid, 1430. 
B-Benzylthio-y-methoxybutyric acid, 3103. 
B-Benzylthio~y-methoxycrotonic acid, 3108. 
2-Benzylthio-4-(6’-methoxy-8’-quinolylaminomethylene)-5- 
thiazolone, 1436. 
oS me 
5. 
2-Benzylthio-8-methylthio-9-methylpurine, 6-amino-, and its 
picrate, 5. 
8-Benzylthio-2-methylthio-9-methylpurine, 6-amino-, and its 
picrate, 3006. 
2-Benzylthio-8-methylthio-9-phenylpurine, 6-amino-, 3007. 
a-Benzylthiopropionic acids, 3112. 
2-Benzyithiotriazole-4~carboxyamide, 5-amino-, 2331. 
N-Benzyltoluene-p-sulphonamide, N-nitro-, 1886. 
O-Benzyltoluene-p-sulphonamide, N -nitro-, 1886. 
seers eon 6-methylpyridaz-3-on-2-yl sulphone, 


9-Benzylxanthylium salts, spiropyrans from, 2295. 
Betulic acid from Syncarpia laurtfolia, 3433. 
Bile acids, formylation of, 3437. 
molecular rotation of derivatives of, 2596. 
Bisacetoxydurylmethane, 625. 
reer econ reer preparation of, 
NN’-Bisacetoxymethylmethylenedinitroamine, 1636. 
3:4-Bisacetylbutane, 1:2-dihydroxy-, 1:2-diacetyl derivative, 
252. 


5-amino-, 
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3:4-Bisacetylthiobutane-1-carboxylic acid, ethyl ester, 248. 


1:2-Bisacetylthiopentane, 3:4:5-trihydroxy-, 
derivative, 253. 
2:3-Bisacetylthiopropoxyacetic acid, ethyl ester, 247. 
aa’-Bisacetylthiosuccinic acid, 3112. 
methyl esters, 3112, 3113. 
2:5-Bisbenzylsulphonylmethyldioxan, 2205. 
2:5-Bis-p-bromophenylpyridazine, 8 36. 
NN’-Bis-(1-carbamylcyclohexy])tolylene-2:4-diamine, S 163. 
NN’-Bis-(1-carbamylcyclopentyl)tolylene-2:4-diamine, S 161. 
pp ’-Biscarbethoxyaminobenzanilide, 3323. 
1:2-Bis-o-carb thane, 1-bromo-, § 35. 
1: 2-Bis-o-carbomethoxybenzoylethane, 1- bromo-, 8 35. 
1:2-Bis-o-carbomethoxybenzoylethylene, S 35. 
N. 8 -Biscarbomethoxytetramethylenediamine, preparation of, 
1637. 
1:2-Bis-o-carboxybenzoylethane, esters of, S 35. 
ct ~~ Suppaeueeeceemeneneenemee preparation of, 
Bischloromethylcadalene, 1100. 
9:10-Bischloromethyl-s-octahydroanthracene, 172. 
9:10-Bischloromethyl-s-octahydrophenanthrene, 2048. 
2:5-Bis-p-chlorophenylpyridazine, S 36. 
Bis-2-cyanoethylaniline, 70. 
Bis-2-cyanoethylarsine, chloro-, 70. 
Bis-2-cyanoethylarsonous acid, and its hydroxy-nitrate, 70. 
NN’-Bis-(1-cyanocyclohexy])tolylene-2:4-diamine, 8 163. 
NN’-Bis-(1-cyanocyclopentyl)tolylene-2:4-diamine, S 161. 
NN’-Bis-(2:2-dicarbethoxyvinyl)-p-phenylenediamine, 1021. 
| Soaeeeeemetemennn and its dipicrate, 
Bisdiethylaminodeca-2:8-diene-4:6-diyne, and its salts, 785. 
aa-Bis(diethylaminoethyl)benzyl methyl ketone, S 108. 
2:7-Bisdiethylamino-octa-3:5-diyne, and its dipicrate, 784. 
2:7-Bisdiethylamino-octane, and its dipicrate, 785. 
1:4-Bisdiethylaminopentane, and its dipicrate, 784. 
1:4-Bisdiethylaminopent-2-yne, and its derivatives, 784. 
Bis-1:3-diketoindanyl. See Bisindane-1:3-dione. 
Bis-1:3-diketoindanylidene, synthesis of, 212. 
Bis-(5:6-dimethoxy-3-ethylbenzthiazole|methincyanine 
bromide, 1509. 
Bis-[5:6-dimethoxy-3-methylbenzthiazole|methincyanine 
toluene-p-sulphonate, 1509. 
Bis-2:4-dimethoxypheny] selenide, 2197. 
a :4-dimethoxyphenylselenium dihydroxide and diselenide, 
197 
Bis(dimethylamino)chlorophosphine oxide, preparation of, 


2: 2 -Bisdimethylaminodiethy ketone dihydrogen dioxalate, 
, 714, 
Bis(dimethylamino)fluorophosphine oxide, preparation of, 2924. 
Bis(dimethylarsinous acid)palladium, dichloro-, 2893. 
we 1-2’-dimethyl-4: 4’-dipyridyl) |trimethincyanine 
Bis-2- and -4-diphenylylureas, 2295. 
2:2’-Bisethylaminodiethyl ether N N’-biscarboxydiethylamide 
and -biscarboxymorpholide, and picrate, 1380. 
2:2’-Bisethylanilinodiethyl ether, 1379. 
Bis-[3-ethylbenzthiazole|methincyanine bromide, 1507. 
Bis(ethylhydrogen) diphosphite, 2927. 
a. oe a- and -8-naphthothiazole)methincyanine bromides, 
Bis-[5-(3-ethylrhodanine) |trimethinoxonol, 1128. 
Bistrifluoromethylmercury, 2953. 
Bistrifiucromethylnitrogen fluoride. 
fluoro-. 
Bishydroxydurylmethane, 625. 
8-Bis-2-hydroxyethylamino-f-(1-hydroxycyclohexyl)acrylic 
acid, lactone, 1427. 
1:2-Bis-(2-hydroxycyclohexylthio)ethane, 280. 
NN’-Bishydroxymethylmethylenedinitroamine, 1636. 
NN’-Bishydroxy methyltetramethylenedinitroamine, 1637. 
NN’-Bishydroxymethyltrimethylenedinitroamine, 1637. 
Bisindane-1:3-dione, preparation of, from ninhydrin, 212. 
NN’-Bismethoxymethylethylenedinitroamine, 1638. 
2:2’-Bismethylaminodiethyl ether NN’-biscarboxydiethyl- 
amide, -biscarboxydimethylamide, -biscarboxymorpholide, 
and -biscarboxypiperidide, and picrate, 1380. 
2:2’-Bismethylanilinodiethyl ether, 1379. 
1:3-Bismethylanilino-2-propanol, 1379. 


3:4:5-triacetyl 





iodide, 


See Dimethylamine, per- 
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Bis-(3-methylbenzthiazole}methincyanine bromide, 1507. 
Bis(methylbis-2-cyanoethylarsine)palladium, dichloro-, 69. 
oy << ~~ eae cane mneemmneatmnes 


bromide, 1509. 
Bis-[ 5:6-methylenedioxy-3-methylbenzthiazole]methincyanine 

toluene-p-sulphonate, 1509. 
Bis ee :4’-dipyridyl)|trimethincyanine ~ 

ide, 

Bit 3-methyl-c- and -f-naphthothiazole|)methincyanine 

toluene-p-sulphonates, 1508, 1509. 
Bis-p-methylthiobenzhydrol, 354. 

is-p-methylt nil, 354. 
8-Bis-p-methylthiobenzpinacol, 354. 
Bis-p-methylthiophenylketazine, 355. 
Bis-p-methylthiophenylthione, 354. 
2:3-Bismethylthiopropanol, and its a-naphthylurethane, 255. 
NN’-Bismorpholinomethylethylenedinitroamine, 1636. 
Bismorpholinomethylnitroamine, 1636. 
NN’-Bismorpholinomethyltetramethylenedinitroamine, 1637. 
NN’-Bismorpholinomethyltrimethylenedinitroamine, 1637. 
2:4-Bis-3’:5’-dinitrobenzoyl 3-deoxy-§-methyl-p-xyloside, 1234. 
1:2-Bis-o-nitrobenzoylethylene, S 35. 
2: Oe orcs acid, ethyl ester, 








Bis-m- ae -p-nitrophthalylidene-ethane, S 35. 
NN’-Bisnitroxymethylethylenedinitroamine, 1638. 
Biscyclopentan-2-onylmethane, and its disemicarbazone, 829. 
ene benzenesulphonate, 
53. 
1:3-Bis-(p-phenylamidinophenoxy)propane, and its salts, 453. 
Bis-(o-phenylbenzyldimethylarsine)palladium, dichloro-, mono- 
hydrate, 2893. 
Bis( phenylbis-o-phenylbenzylarsiné)palladium, dichloro-, and its 
mercurichloride, 2893. 
NN’-Bis-([2-phenyl-4-(4-carbomethoxy-5:5-dimethyl-2-thiazo- 
linyl)oxazol-5-yljurea, 3240. 
Bis-(10-phenyl-9:10-dihydroarsanthridine)palladium, dibromo-, 
and dichloro-, 2894. 
Bisphenylsulphonyl sulphide, crystal structure of, 726. 
2:5-Bisphenylsulphonylmethyldioxan, 2205. 
2:5-Bisphenylsulphonylmethyl-1:4-dithian, 2202. 
Bisphenylthiobis-p-methylthiophenylmethane, 354. 
af-Bisphenylthio-af-dicumylethylene, 892. 
NN’-Bis-(5-phthalazyl-1:4-dione)piperazone, 640. 
NN-Bis-(2-phthalimidomercuriethyl)mesidine, 734. 
5-Bisthiocarbamylmethylurea, 1447. 
Bis-(2-tol Iphonamidotriphenylmethyl) ether, 386. 
1: 3-Bistoluene-p-sulphonylmethylamido-2-propanol, 1379. 
2:5-Bis-p-tolylsulphonylmethyldioxan, 2203. 
2:5-Bis-p-tolylsulphonylmethyl-1:4-dithian, 2202. 
aB-Bis-p-tolylthiostilbene, 892. 
Bis(triethylarsine)tin, tetrabromo-, and tetrachloro-, 2920. 
Bis(triethylphosphine)--dichloromercury, dichloro-, 2919. 
Bis(triethylphosphine)-y-dichlorotin-mercury, tetrachloro-, 2919, 
ee tetrabromo-, and tetrachloro-, 2918, 
919. 





Bis iethyiphomphine)ranium, tetra-bromo- and_ -chloro-, 
Bist elothytehengheatom) bromostannate and chlorostannate, 
18, 2919. 

2:2’-Bis-[ 4-trimethin-(1-ethylquinoline) |-4:4’-dipyridyl 
ethiodide, S 120. 

Bis(tri-n-propylphosphine)-y-dichloromercury, dichloro-, 2919. 

Bis(tri-n-propylphosphine)-y-dichloropalladium-tin, 2920. 

= tri-n-propylphosphine)--dichlorotin-mercury, tetrachloro-, 
919. 


Bis(tri-n-propylphosphine)palladium, dibromo-, 2919. 
Bis(tri-n-propylphosphine)tin, tetrabromo-, and tetrachloro-, 
2918, 2919 


a aan, tetra-bromo- and -chloro-, 


di- 


Bis(tri-n-propylphosphonium) chlorostannate, 2919. 
Bisureas, substituted, 1378. 
Biurets, preparation of, 1732. 
Boehmite, 2262. 
Boiling point, correlation of, with critical pressure and temper- 
ature, 3411. 
Bonds, chemisorptive, nature of, 1987, 2171. 
double, aromatic, relative reactivity of, 456. 
single, conjugation across, 2805. 
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Bond lengths in complex ions and inorganic molecules, 55 


Boron :— 
Perborates, alkali, 3420. 
Bromination, catalysis of, 294. 
iodine-catalysed, kinetics of, 933. 
mechanism of, in aqueous solution, 3376. 
of phenyl ethers in 75% acetic acid, 1389. 
of vegetable-oil derivatives with N-bromosuccinimide, 
939. 
Bromine, **isotope, separation of, from neutron-irradiated 
sodium bromate, 8 338. 
reaction of, with silver (+)-a-phenylpropionate, 1510. 
with silver salts of optically-active acids, 2372. 
substitution by, in aqueous solution, 3376. 
Bromine /rifluoride as ionising solvent, 2865. 
electrical conductivity of, 2861. 
Hydrobromic acid, oxidation of, mechanism of, 803. 
Bromo-ketone C,,H,,0,Br, and its derivatives, from f-(6- 
bromo-3:4:5:4’-tetramethoxydiphenyly])propionic acid, 1082. 
1: — reactions of, with cyanogen and nitriles, 1479, 
1485. 


Butadiene su are 279. 

—_— 1:2-dibromo-3:4-dihydroxy-, 3:4-diacety] derivative, 
3:4- ‘-dichloro- 1:2-dihydroxy-, diacetyl derivative, 1:4-di- 

chloro-2:3-dihydroxy-, diacetyl derivative, 243. 

Butane-1-carboxylic acid, 3:4-dibromo-, ethy! ester, 248. 

Butanediols, dichloro-, 239, 241. 

Butane-1:2-diol, 3: 4-dichloro-, 241. 

Butane-1:3-diol, 2:4-dichloro-, and its derivatives, 241. 

Butane-1:4-diol, 2:3-dichloro-, and its diacetate, 241. 

Butane-3:4-diol, 1:2-dimercapto-, and its derivatives, 252. 

Butan-2-one, uranyl nitrate complex trihydrate, 8 295. 

a-Butan-3-onyladipic acid, diethyl ester, 828. 

Butenols, chloro-, addition of hypochlorous acid to, 239. 

But-3-en-2-ol, 1-chloro-, and its a-naphthylurethane, 240. 

But-1-en-3-yne-1: 4-dicarborylic acid, “my its dimethyl ester, 
606. 


p-n-Butoxyanilinium benzenesulphonate, 2686. 
p-Butoxybenzanilide, : 3046. 
4’-tert.-Butoxyb 4-hydroxy-, 3340. 
p-Butoxy-N-p’ -butoxyphenylbenzamidine, 3044, 
2-tert.-Butoxy-4(?)-tert.-butylnaphthalene, 1995. 
p-Butoxy-N-p’-carbethoxyphenylbenzamidine, 3044. 
p-Butoxy-N-p’-carboxyphenylbenzamidine, 3046. 
p-Butoxy-N-p’-chlorophenylbenzamidine, 3044. 
p-Butoxy-N N’-diphenylbenzamidine, 3046. 
2-n-Butoxy-6-methyl-1:5-naphthyridine, 1159. 
p-Butoxyphenyl cyanides, 3045. 
p-Butoxy-N-phenylbenzacridines, 3044. 
2-n-Butoxy-5-phenylpyridine, and its picrate, 3184. 
sec.-Butyl fluorophosphonate, preparation of, 637. 
o-n-Butylacetophenone, and its derivatives, 613. 
n- and tert.-Butylamines, dipole moments of, 2663. 
3-n-Butylaminobut-l-yne, and its derivatives, 781. 
n-Butylaniline, 3:5-dinitro-, 2787. 
N-n-Butylaniline, N-4- hydroxy-, and its trinitrobenzene com- 
plex, 1982. 
isoButylbenzacridines, and their 
tert.-Butylbenzene, 4-chloro-3:5 
p-n-Butylbenzoyl chloride, 521. 
N-n-Butyl-p-bromoanilinium benzenesulphonate, 2686. 
eo 6-dihydroa Pp ,» and its semicarbazone, 





icrates, 674, 675. 
initro-, § 196. 





¢inuntmentetine 4-2’-nitro-, 1646. 

Butylnaphthalenes, and their derivatives, 1993. 

2-tert.-Butylnaphthalene, preparation of, 1994. 

2-tert.-Butylnaphthalene, l-amino-, and 1-nitro-, 1995. 

4.(?)-tert.-Butylnaphthalene, |.amino-2-hydroxy-, 1996. 

os - aan caren anata tate ee meertie 
1995. 


6-tert.-Butylnaphthalene-2-sulphonic acid, derivatives of, 1995. 


tert.-Butyl-2-naphthols, and their derivatives, 1995. 

p-tert.-Butylpheny]l tert.-butyl ketone, 1953. 

2-p-tert.-Butyiphenyl-3-methylindole, 2887. 

2-p-tert.-Butylphenyl-1:1:2-trimethylcyclopentane-5-carboxylic 
acid, methy] ester, 1967. 

4-tert.-Butylphthalic acid, and its anhydride, 1314. 

8-Butylpteridine, 2-amino-6-hydroxy-8-p-arabotetrahydroxy-, 
83. 
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2-n-Butyl-1:2:3:4-tetrahydroisoquinoline, hydro- 
chloride, 1802. 

3-n-Butylthiazolidine-2-thione, 789. 

3-n-Butyl-1:3:5-triazacycloheptane, 1:5-dinitro-, 1641. 

Butynes, amino-, from acetylene and amines, 780. 

reaction of, with carbon disulphide, 786. 

But-l-ynes, 3-amino-, hydration, oxidation, and Mannich 
reactions with, 782. 

But-2-yne-1:4-diol diacrylate and dimethacrylate, 2371. 

n-Butyraldazine, 1902. 

isoButyraldoxime, aB-dichloro., 46 

n-Butyric acid, a-amino-, 2328. 
B-amino-, B- benzoyl derivative, and its derivatives, 348. 
aBy- tribromo-, methy] ester, 3108. 
B-chloro-a-amino-, a- -benzoyl derivative, ethyl ester, 594. 

isoButyric acid, a-amino-, degradation of, with nitrobenz- 
aldehydes, 8 166 

n-Butyrohydroxamic acid, a-amino-, 2712. 

Butyrospermol, and its derivatives, 448. 

Butyrospermone, 448. 

isoButyroveratrone, and its derivatives, 1178. 

N-n-Butyryl-N-methylnorvaline, N-a-bromo-, and its lactone, 
2351. 

N-n-Butyryl-N-methylvaline, N-a-bromo-, and its lactone, 
2351. 

N-n-Butyryl-N-isopropylnorvaline, N -a-bromo-, and its lactone, 
2351. 

N-n-Butyryl-N-isopropylvaline, N-a-bromo-, and its lactone, 
2351. 


7-nitro-, 


Cc. 


Cacao butier, glycerides, configuration of, 2154. 
Cadalene, derivatives, constitution of, 1098. 
preparation and reactions of, 1099. 
Cadalenesulphonamide, oxidation of, 1101. 
Calcite, transformation of aragonite into, 8 265. 
Calcium hydroxide, dissociation constant of, 366. 
(+)-Camphor, 3-amino-, toluene-p-sulphonamide, 2722. 
Camphoric anhydride, condensations with, 1967. 
5-Carbamyl-2:4-dithiohydantoin, 1066. 
Carbamylmethylthiolcarbamic acid, carbamylmethylammonium 
and potassium salts, and benzyl] ester, 1448. 
Carbazole, 1-hydroxy-, and its acetyl derivative, and picrate, 
383. 


isoCarbazole, 12-hydroxy-, 1383. 
Carbethoxyacetamide, amino-, hydrochloride, 1446. 
6-Carbethoxyamino-m-aminobenzylquinolinium chloride, 2073. 
p-Carbethoxyaminobenz-p’-aminoanilide, 3323. 
a-Carbethoxyamino-f-ethoxyacrylic acid, ethyl ester, 2326. 
2-Carbethoxyamino-7-keto-5-thione-6-methyl-4:5:6:7-tetra- 
hydrothiazolo[5:4-d)pyrimidine, 1071. 
6-Carbethoxyaminonitrobenzylquinolinium chlorides, 2073. 
N’-p-Carbethoxyaminophenyl-N N-dimethyl-p-carbethoxy- 
aminobenzamidine, 3323. 
N’-p-Carbethoxys.minophenyl-N N-dimethyl-p-nitrobenz- 
amidine, 3323 
N ee ne. N N’-trimethyl-p-aminobenz- 
amidinium iodide, 3324 
N ‘~p-Carbethoxyaminophenyl-V NN’ ee 
aminobenzamidinium iodide, 3324 
6-Carbethoxyaminoquinoline, 2073. 
2-Carbethoxyaminothiazole-4-carboxyamide, 5-amino-, 1442. 
5-Carbethoxy-2-n-amyloxazole-4-carboxyamide, 3232. 
p-Carbethoxyanilinium benzenesulphonate, 3046. 
p-Carbethoxyanilinoacetanilide, 2-amino-, and 2-nitro-, 1405. 
a 4-amino-, and its picrate, 
o-Carbethoxybenzylmalonic acid, ethyl! ester, 492. 
2-a-Carbethoxybenzyl-4-methylthiazole, 8 112. 
— eee and its hydrochloride, 


2-a-Carbethoxybenzylthiophen, 8 114. 
2-Carbethoxy-2-butan-3’ -onyl YY l P one, 
carbazone, 828. 
4-Carbethoxy-2-2’-carboxyphenylnaphthalene, 1:3-dihydroxy-, 
lactone, and its derivatives, 1312. 
N-Carbethoxy-N’-p-chlorophenylurea, 1736. 
N-Carbethoxydi-(2-chloroethyl)amine, 551. 


and its disemi- 
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2-Carbethoxy-7-p-dimethy’ naphth- 
indene methiodide and methochloride, 770. 

en enn acid, ethyl 
ester, 4 

4-Carbethoxy-2:2-dimethylcyclopentylidenecyanoacetic = acid, 
ethyl ester, 196. 

3-Carbethoxy-5:5-dimethyl-2-phenylacetamidocyanomethyl- 
thiazolidine-4-carboxylic acid, methyl ester, 3233. 

5-Carbethoxy-2:4-dithiohydantoin, and its diacetyl derivative, 

066. 


1066. 

N-(4-2’-Carbethoxyethylphenyl)pyridinium toluene-p-sulphon- 
ate, N-2:6-dinitro-, 8 196. 

B-Carbethoxy-f-fluorenylidenepropionic acid, and its methyl 
ester, 1104. 

£-Carbethoxy-f-9-fluorenylpropionic acid, and its methyl 
ester, 1104. 

2-(9’-Carbethoxy-9’-fluorenyl)propyl cyanide, 2184. 

so  eaieeerrremeenen bromide and picrate, 

rr 2-hydroxy-, monoacetyl derivative, 


oaenctiemntreniien 4-amino-, 1073. 

6-Carbethoxyhexahydroindan-5-one, 829. 

B-Carbethoxy-§-9-hydroxy-9-fluorenylacrylolactone, 1105. 

B-Carbethoxy-f-9-hydroxy-9-fluorenylpropionolactone, B- 
bromo-, 1104. 

5-Carbethoxy-4-m-hydroxyphenyi-lutidine-3-carboxylic acid, 
2132. 


ea acids, 

2132, 2133. 

1-Carbethoxy-1-(3-m-methoxyphenyl-n-propyl)cyclopentan-2- 
one, and its semicarbazone, 1053. 

5-Carbethoxy-4-methyl-2-(3’-diethylamino-1’-phenyl-2’-methyl- 
propyl)thiazole, S 110. 

ee aS ame 
azole, 

5-Carbethoxy-2-methylglyoxaline, 4-amino-, and its hydro- 
chloride, 1073. 

5-Carbethoxy-4-methyl-2-(3’-morpholino-1’-phenylpropyl)- 
thiazole, 8 110. 


oe ate memo reryrane deriv- 
atives, 769. 
2-Carbethoxy-5-methylcyclopentan-1l-ol-2-acetic acid, ethyl 


ester, 1585. 
S-Carbethoxy-4-methyl-2-(8 -piperidino-1 -phenylpropyl)thi- 
azole, 
3-Carbethoxy-1-methyl-4-piperidone methiodide, 711. 
2-Carbethoxymethylthio-4-carbethoxythiazole, 5-amino-, and 
its acetyl derivative, 1067. 
2-Carbethoxymethylthiopyrimidine, 4-amino-6-hydroxy-, 2495. 
3-Carbethoxy-4-1’-naphthyl-lutidine-5-carboxylic acid, 2131. 
5-Carbethoxy-4-m- and -p-nitrophenyl-lutidine-3-carboxylic 
acids, 2133. 
3-Carbethoxy-p-phenanthroline, 9-chloro-4-hydroxy-, and 4- 
hydroxy-, 1020. 
ay sephogenetamdaermars tuerne cetera 
» 2355. 
5-Carbethoxy-2-phenylglyoxaline, 4-amino-, and its deriv- 
atives, 1073. 
oe aan trans-4-Carbethoxy-2-phenyl-5-methyl-A*-oxazolines, 
4-Carbethoxy-2-phenyl-A*-oxazoline, and its picrate, 592. 
ae --- angreree per ienaney namares 1-2-amino-, and 1-2-nitro-, 


a-Carbethoxyphenylthioacetamide, S 112. 
a-Carbethoxypropionamide, a-amino-, phenylacety] derivatives, 
3225. 
a-Carbethoxypropionimino ethy] ether, and a-hydroxy-, hydro- 
chlorides, 3224. 
ethy] thioether, a-amino-, a-phenylacetyl derivative, 3225. 
a-Carbethoxypropionitrile, a-amino-, hydrochloride mono- 
hydrate, and derivatives, 3224. 
a-Carbethoxypropionothioamide, 
derivative, 3225. 
6-Carbethoxy-5:6:7:8-tetrahydroindan-5-one, 
4-Carbethoxythiazole, 5-amino-2-hydroxy-, a its derivatives, 
1446. 
Carbethoxythioacetamide, amino-, hexoyl derivative, 2365. 
2-Carbethoxythio-4-ethoxyme'! thylene-5-thiagolone, 1437, 
5-Carbethoxy-4-p-tolyl-lutidine-3-carboxylic acid, 2133. 


a-amino-, 


a-phenylacety! 
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4-Carbethoxy-1:2:3-triazole, 5-hydroxy-, 1447. 
enn acid, ethyl ester, 


oc penta :11:14-trimethyldocos-11-enoic acid, ethy! ester, 


a :2:4-trimethylcyclopentyleyanoacetic acid, ethyl 

ester, 

4-Carbethoxy-2:2:4-trimethylcyclopentylidenecyanoacetic acid, 
ethyl ester, 198. 

a-Carbethoxyisovaleric acid, a-amino-, a-acetyl derivative, 
ethyl ester, preparation of, 1041. 

Carbinols, aminoalky] tertiary, and their derivatives, S 144, 

N-Carbobenzyloxyami tonitrile, 3232. 

N ee ee acid, sodium salt and derivatives 
0 

Carbohydrates, kojic acid formation from, by Aspergillus 

oryze, 110. 
periodate oxidation of, in presence of phosphate and other 
buffers, 1536. 
phosphates, hydrolysis of, 3131. 
sulphuric esters of, 1597. 
synthesis of, using acetylenic compounds, § 44. 
toluenesulphonic esters, reaction of, with sodium iodide,S 233, 
4-Carbomethoxy-3-acetyl-5:5-dimethyl-2-isopropylthiazolidine- 
2-carboxylic acid, 2361. 

N-Carbomethoxy-2-chloro-n-propylamine, 551. 

6-Carbomethoxy-4:5-dimethoxybenzoic acid, 2-hydroxy-, 858 

4-Carbomethoxy-5:5-dimethyl-2-isopropylthiazolidine-2-carb- 
oxylic acids, and their derivatives, 2359. 

Carbomethoxy-5:5-dimethylthiazolidinecarboxylic acids, and 
their derivatives, 2353. 

4-(4-Carbomethoxy-5:5-dimethyl-2-thiazolinyl)thiazole, 
5-amino-, and 5-amino-2-mercapto-, 3235. 

4-Carbomethoxy-3-ethoxalyl-5:5-dimethyl-2-:sopropylthi- 
azoline-2-carboxylic acids, 2359, 2360. 

2-Carbomethoxy-3-ethoxalyl-5:5-dimethylthiazolidine-4-carb- 
oxylic acid, 2354. 

B-(9-Carbomethoxy-9-fluorenyl)propionamide, 2626. 

2-(9’-Carbomethoxy-9’-fluorenyl)propyl cyanide, 2184. 

4-Carbomethoxy-3-formyl-5:5-dimethyl-2-isopropylthiazolidine- 
2-carboxylic acid, 2362. 

4-Carbomethoxy-3-methoxalyl-5:5-dimethyl-2-isopropylthi- 
azolidine-2-carboxylic acid, 2360. 

B-Carbomethoxy-8-methoxypyruvic acid, ethy] ester, 2051. 

4-Carbomethoxy-3-oxalo-5:5-dimethyl-2-isopropylthiazolidine- 
2-carboxylic acids, 2360. 

Carbomethoxy-3-oxalo-5:5-dimethylthiazolidinecarboxylic 
acids, 2354, 2355. 

4-Carbomethoxy-2-phenyl-A?-oxazoline, and its salts, 592. 

B-Carbomethoxypyruvic acid, 8-chloro-, methyl ester, 2050. 

4-Carbomethoxy-3:5:5-trimethylthiazolidine-4-carboxylic acid, 
and its benzylamine salt, 2353. 

Carbon, combustion of, § 1. 

Carbon monoxide, high-pressure reactions of, 1151, 1154, 1156, 
dioxide, determination of, in gas samples, 720. 
oxysulphide, reaction of, with a-amino-nitriles, 1443. 

Carbon—halogen bonds, dissociation energies of, 1145. 

Carbon—nitrogen bond, —_ moment of, 2318. 

Carbonyl compounds, Reformatsky reactions between methyl 
p-bromocrotonate and, 1415. 

5-(3':4 ’Carbonyldioxybenzylidene)-1-methylhydantoin, 93. 

N-Carbonyl-N-methyl-2-chloroethylamine, N-chloro-, 551. 

Carbonyls, structure of, 65. 

4-Carboisopropoxy-2-phenyl-A*-oxazoline, and its picrate, 592. 

Carbostyril, z:7:z-trichloro-, 2682. 

“ Carboxy y-acid.”” See 2-Naphthoic acid, 6-amino-4-hydroxy-. 

1-p-Carboxyanilin boxyanilo-3-methylpenta-1:3-diene 
hydrochloride, 1432. 

2-p-Carboxyanilino-2-hydroxy-1: 3-diketoindane, 1038. 

ne hthindane-1:3-dione,  2-hydroxy-, 

1-0-Carboxybenzoyldecahydropyrene, 2171. 

o-Carboxybenzoyl-t-glutamic acid, ethy] ester, 3318. 

2-o-Carboxybenzoylindanonoglyoxaline, and its anhydride and 
methyl ester, 1038, 1039. 

o-Carboxybenzylmalonic acid, 492. 

2-Carboxy-4-carbomethoxy-5:5-dimethyl-2-isopropylthiazol- 
idine-3-glyoxalobenzylamide, 2360. 

2-Carb: 








bomethoxy-5:5-dimethyl-2-isopropylthiazol- 


oxy-4-car ; 
idine-3-glyoxalo-2’:4’-dinitrophenylhydrazide, 2360. 
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4-Carboxy-2:6-dimethoxyphenylacetic acid, and its dimethyl 


ester, 3352. 
4-Carboxy-2:2-dimethylcyclopentaneacetic acid, 196. 
2 pn ieee sulphone, 2-chloro-2’-2’- 


amino-, 
p(0-Carboxy-&-tuoren! pipe acid, 2184. 
p-Carboxy-f-fluorenylidenepropionic acid, ethyl and methy] 
esters, 1104, 
2-(9’-Carboxy-9’-fluorenyl)propyl cyanide, 2184. 
4) eee are B-bromo-, 
$-Carboxymethyl-5-(3-anilinoallylidene)rhodanine, 1129. 
N-Carboxymethyldithioacetic acid, a-naphthy] ester, 1437. 
[5-(3-Carboxymethylrhodanine) |[2-(3-ethylbenzthiazoline) jdi- 
methinmerocyanine, 5 
2-Carboxymethylthio-4-methyl-5-w-carboxy-n-butyithiazole, 


Seiten ers: 
RCE E Pani eeteOn tbe Teneemegn: 


2-( (Carboxymethylthio)pyrimidines, 4-amino-, preparation and 
reactions of, 2454. 

4-Carboxy-5:5-pentamethylene-2:2-dimethylthiazolidine, and 
its derivatives, 1439. 

3-Carboxy-p-phenanthroline, 9-chloro-4-hydroxy-, 
hydroxy-, 1020. 

o-Carboxyphenylacetonitrile, methyl] ester, 1312. 

a~(p-Carboxyphenyl)cinnamic acid, o-amino-, 3176. 

2-o-Carboxyphenylphenanthrene-3-carboxylic acid, and _ its 
imide, 2622. 

10-p-Carboxyphenylphenorarsine, 2-chloro-, resolution of, and 
its salts and 10-oxide, 1183. 

4-o-Carboxyphenyltetrahydrothiazine, 1:1-dioxide, 2438. 

2-o-Carboxyphenylthiodiethyl sulphone, 2440. 

1-0-(2-Carboxy-2-phenylviny!)phenyl-3:3-dimethyltriazen, 3168. 

’~Carboxypiperidine-1’-spiro-4-tetrahydrothiazine 1:1-dioxide 
betaine, and its chloride, 2439. 
2’-Carboxypyrrolidine-1’-spiro-4-tetrahydrothiazine 1:1-dioxide 
betaine, and its chloride, 2439. 
levo-3-(5-Carboxy-o-tolyl)butan-2-ol, 3-4:6-dihydroxy-, and its 
methy] ester, 1566. 

4-Carboxy-2:2:4-trimethyl t etic acid, 198. 

Carcinogens, ae men sng action of sunlight on, 1039. 
nitrogen compounds, chemistry of, 670, 2882. 

Carvenone 2:4 iaitropbenylbydrasone, 2535. 

Castoreum, constituents of, 2115. 

Catalysis, acid—base, in non-aqueous solvents, 1288. 

Catalysts for hydroxylation of unsaturated compounds, 2989. 
for reaction of cyanogen and nitriles with 1:3-butadiene, 1485. 
Friedel-Crafts, cross-linking of vinyl polymers by, 482. 
metallic, chemisorptive bonds on, 1987. 
polymerisation, 1807. 

Catalytic esterification, 557. 

cs apeeme by electrolytes in acetic acid solution, 294. 
reaction of, with benzaldehyde, 2613. 
een of sulphonic esters with Raney nickel, 8 178. 
hydroxylation of unsaturated compounds, 2988. 
— exchange with phenolsulphonate resins, 1190, 1201, 1208, 
211. 


Caltulose, marine eleal, 3041. 

pear cell-wall, 8 182 

powdered, partition chromatography on columns of, 2511. 
Chaerophyllin, 1536. 

Chaerophyllum sylvestre, glycoside from, 1535. 
Chalcone, reaction of, with 9-fluorenyl-lithium and with 

9-fluorenylmagnesium bromide, 53. 

Chelation, covalency, and co-ordination, 1168. 
Chelidonium alkaloids, synthesis of, 1311. 
Chemiluminescent compounds, organic, 638, 1532. 
Chemisorption, nature of bonding in, 1987, 2171. 
Cherry gum, 3141. 
Chlorine trifluoride, electrical conductivity of, 2861. 
us acid, rate of formation of, by hydrolysis of 
N-chloroacetanilide, 107. 
rate of reaction of, with dialkylamines, 2942. 

Perchloric acid, catalytic halogenation with, 294. 
Chloroacetyl chlorides, condensation of, with benzene, 1967. 
Chloroalkylamino-compounds, preparation of, 547. 
Chlorophora excelsa, phenolic resin of wood of, 3151, 3348. 


and 4- 
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Chlorophorin, and its derivatives, 3151, 3348. 
Chlorosulphinates, velocity of decomposition of, in presence of 
pyridine hydrochloride, 3326. 
Cholanic acid, 3-amino-12-hydroxy- and -7:12-dihydroxy-, and 
their derivatives, 2164. 


Cholesta-2:6-diene, 2464. 

os - ~ ratio mB. hydroxy-, acetyl derivative, benzoate, 

Cholestan-7f-ol, 38-hydroxy-, acetyl derivative, benzoate, 
2464 


Cholest-6-en-38-ol, and its derivatives, 2459. 
Cholesterol, tricyclic degradation product of, 1855. 
Cholla gum, 1761. 
isoChroman-3-one, 1722. 
Chromatography, partition, of aromatic amines, 2785. 
of hydrolysis products of cherry gum, 3141. 
of hydrolysis products of Sterculia setigera, 3145. 
of mixed sugars, 928, 1659, 2511, 2522. 
theory of, 3280. 
Chromic acid, inhibition of iron corrosion by, 1831. 
mechanism of oxidation with, 594, 599. 
oxidation of manganous sulphate by, in sulphuric acid 
solution, 3085. 
Chromium organic compounds :— 
Chromic acetochromate and acetoiodate, 604. 
Chromobacterium violaceum, violacein from, 885 
Chromy] chloride, triphenylmethane complex with, 604. 
1 1:2-dihydroxy-, p-methoxyphenylmethylene ether, 
86. 


Chrysenequinone, reactions of, with aromatic aldehydes and 
with ethers in sunlight, 8 83. 

Cinerolone, structure of, 94. 

Cinnamaldehyde, dipole moments of, 2962. 

Cinnamic acid, a-amino-, a-acetyl derivative, amide and 

methy] ester, 1971. 

5-bromo-2-nitro-, and 5-chloro-2-nitro-, methyl esters, 2396. 

Cinnamylideneacetone, 2648. 

“  peesereatrne erieene acne acid, a-2-bromo-, 


Cinnamylid y etyl chloride, § 14. 

Cinnamylid lycinehydroxamic acid, and 2-bromo-, and its 
benzoyl] derivatives, 2711. 

2-Cinnamylideneindane-1:3-dione, 2136. 

Cinnoline, 4:7-diamino-, diacetyl derivative, and 4:8-diamino-, 
aminohydroxy-4-chloro-5- and -7-nitro-, nitroamino-, and 
nitrohydroxy-, and their derivatives, 2406, 2407. 

Cinnolines, 2393, 2399, 2404, 2408. 
4-substituted, basic strengths of, 1356. 

Cinnolines, 4-hydroxy-, 2399. 
nitrohydroxy-, 2404. 

Cinnoline-3-carboxylic acid, 6-bromo- and 6-chloro-4-hydroxy-, 
2396. 

Citraconic anhydride, condensation of, with 6-methoxy-l- 
viny]-3:4-dihydronaphthalene, 97. 

Citrinin, constitution of, 867. 
constitution of phenols from, 859. 
synthesis of, 1563. 

Citromycetin, structure of, 848. 

Clemmensen reduction of a-amino-ketones, 2095. 
preparation of aromatic hydrocarbons by, 519. 

— halides, complexes of, in ethy -alcoholic solution, 

143. 








Cobaltic amines, en electron exchange between 
cobaltous amines and, S 3 
Cobalt organic compounds, reparation of, 2280. 
— thiocyanate, cmplaue of, in ethyl-alcoholic solution, 
43. 
Colchicine, and its derivatives, 1074. 
Columbium. See Niobium. 
Compounds, macromolecular, infra-red spectra of, 124. 
* Conessene,”’ dehydrogenation products from, 832. 
Conessine, constitution of, 831, 3127. 
heteroConessine, and its derivatives, 3129. 
“* Congo-copalic acid,” and its methyl] ester, 680. 
“ Congo-copalolic acid,”’ 678. 
“« Congoic acid,’ and its methyl ester, 681. 
Conjugation across a single bond, 2805. 
Constitution, insectici a. and, 203. 
sex-hormone activity and, 3156 
Co-ordination, covalency, and chelation, 1168. 
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Co-ordination compounds, olefin, 3340. 
Copal, Congo, chemistry of, 676. 
Copper hydride, reaction of, with acid chlorides, 1940. 
Copper organic compounds :— 
Copper cyanide, violet water-soluble, 3296. 
Copper determination :— 
determination of, by amperometric titration with quin- 
aldinic acid, 1793. 
by amperometric titration with quinoline-8-carboxylic 
acid, 2470. 
determination of mercury in presence of, 541. 
Coproergosta-7(8):22(23)-diene, 339. 
Coproergost-7(8)-ene, 340. 
Coproergost-22(23)-en-3(a)-ol, and its derivatives, 1777. 
Coproergost-22(23)-en-3-one, 1777. 
Coprosma, chemistry of, 1241, 1246. 
Coprosma acerosa, bark, anthraquinone compounds from, 1246. 
Coprosma lucida, bark, anthraquinone compounds from, 1241. 
Cotarnine, reduction of, and of its derivatives, 2016. 
1 om 7-hydroxy-, fluorescent acylating agents from, 
§ 12. 
Coumarin-4-carboxylic acid, 3-chloro-7-hydroxy-, ethyl and 
methy] esters, 2051. 
3-chloro-5:7- and -7:8-dihydroxy-, esters, 2052, 2053. 
N-(6-Coumarino)anthranilic acid, 769. 
Coumarone-2:3-dicarboxylic acid, 6-hydroxy-, 2051. 
6:7-dihydroxy-, 2053. 
—— Geiger—Miiller, back-scattering of electrons into, 
1. 


radiochemical assay with, S 369. 
Covalency, co-ordination, and chelation, 1168. 
m-Cresol, 2:5:6-tribromo-4-hydroxy-, 4-benzoyl derivative, 
3192. 
2-hydroxy-, 2-benzoy] derivative, 3193. 
o-Cresol methyl ether, 3-hydroxy-, 3-benzoyl derivative, 
3193. 
= methyl ether, 2-hydroxy-, 2-benzoyl derivative, 
3193. 
Critical pressure. See under Pressure. 
temperature. See under Temperature. 
Crotonaldehyde, dipole moments of, 2962. 
reaction of, with ethanethiol, 2723. 
Crotonic acid, p-bromo-, methyl ester, Reformatsky reactions 
with, 1415. 
a-bromo-y-hydroxy-, lactone, ‘3109. 
y-fluoro-, methyl ester, 2747. 
Crotononitrile, Michael reactions with, 2182. 
Crotonylacetic acid, 1422. 
Crotonylidenebutylamine, 1902. 
Crystal structure of dicarboxylic acids, 980, 987, 993, 1001. 
Curare alkaloids, 955, 3263. 
y-Curcumene, structure of, 838. 
(+)-y-Curcumene, 841. 
(+)-a-, -B-, and -y-Curcumenes, and their derivatives, 2534. 
Cyanamides, 1034, 3029, 3033. 
condensation of, with guanidines, 98. 
isoCyanic acid, aryl esters, mechanism of reaction of, with 
alcohols and amines, 9, 19, 24, 27. 
pheny] ester, determination of, 17. 
mechanism of reaction of, with alcohols, 9, 19, 24, 27. 
a-phenylisopropy] ester, 46. 
Cyanides. See under Cyanogen. 
Cyanine dyes, 2911; S 115. 
trinuclear, 1113. 
Cyanogen, reactions of, with 1:3-dienes, 1479, 1485 
Hydrocyanic acid, copper salt, violet, water- soluble, 3296. 
reactions of, 1593. 
sesquichloride of, 1033. 
studies on, 1033 
Cyanides, metallic, structure of, 66. 
preparation of, from diazo-compounds, 1131. 
reaction of, with ammonium salts, 2097. 
Cyano-groups, replacement of diazonium groups by, 1131. 
Cyclic compounds, meso-ionic, 307, 746 
Cyclisation, internuclear, 3164, 3172. 
Cyclotron, production of radio-nuclides in, S 356. 
Cytidine-3' phosphate, preparation of, 904. 
See also Cytidylic aci 
Cytidine-5’ phosphate, and its salts, 2485. 
Cytidylic acid, preparation of, 906. 
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Daphnandra, alkaloids from, 2767. 

Daphnandrine, structure of, 2767. 

Daphnoline, structure of, 2767. 

Deaminase, activity of, and bacterial growth, 375. 

Debenzylation, selective, 815. 

Deca-2:4-dienoic acid, from stillingia oil, 3353. 

Decahydro-7:7’-diacenaphthenyl, 3115. 

Decahydronaphthalene, action of oleum on, 1936. 

Decahydronaphthalene, perfluoro-, 3025. 

— —— acid, 10-bromo-, and 10-fluoro-, ethyl esters, 
78. 

Decanecarboxylic chloride, 10-bromo-, 1478. 

bicyclo[§:3:0|Decan-3-ol, 829. 

bicyclo[ 5:3:0 |Decan-3-one, 829. 

Decarboxydihydrocitrinin, and its di-p-nitrobenzoate, 875. 

Decarboxydihydrocitrinone, and its derivatives, 876. 

Decarboxylation, mechanism of, 173, 659. 

a-Decay, systematics of, 8 364. 

— acid, effect of surface expansion on soluble films of, 


Decyl alcohol, adsorption rates and surface activity in aqueous 
solutions of, 3387. 
compressibility of soluble films of, 3404. 
desorption process from aqueous solutions of, 3395. 
effect of surface expansion on soluble films of, 3406. 
a of substituted hydrocarbons, 148, 155, 


scoDehydrocholestery! acetate and benzoate, catalytic hydro- 
genation of, 218, 219. 
Dehydrodiketolanostanyl acetate, 574. 
Dehydro-c-ergosteryl acetate, catalytic hydrogenation of, 217. 
Dehydroisot mphoric acid. See 3:5:5-Trimethylcyclo- 
pent-1-ene-1:3-dicarboxylic acid. 
Deoxyaspergillic acid, S b 
2’-Deoxy-D-glucopyranosidotheophylline, and its 3’:4’:6’-tri- 
acetyl derivative, 2529 
2-Deoxy-p-glucose, derivatives of, 2841. 
diethyl mercaptal, and its tetra-acetate, 2848. 
3-Deoxy-8-methyl-p-xyloside, 1234. 
2-Deoxypentoses, Dische reaction with, 1222. 
Deoxypentose nucleic acid, calf thymus, electrophoresis of, 
1406, 1409. 
herring sperm and lamb thymus, electrometric titration of, 
1413. 
Deoxypentose nucleic acids, 1406, 1409, 1413. 
2-Deoxy-L-ribonic acid phenylhydrazide, 1883. 
Deoxyribonucleic acid, determination of, using the Dische 
reagent, 1222. 
Deoxyribonucleosides, 2526. 
2-Deoxy-D-ribopyranose, triacetyl derivative, 2529. 
2’-Deoxy-D-ribopyranosidotheophylline-J, and its 3’: :4’-diacety] 
derivative, 2530. 
2’- and 3’-Deoxy-p-ribopyranosidotheophylline-JJ, and their 
diacetyl derivatives, 2530, 2531. 
2-Deoxy-D-ribose, synthesis of, from D-arabinose, 1232. 
from D-erythrose, 1358. 
or and -t-riboses, synthesis of, and their derivatives, 
879. 





en anilide, 1234. 
Deoxy-sugars, 1222, 1232, 1235, 1358, 1879, 2836, 2841, 2846. 
Deoxytetrahydro-/-santonic acid, and its 2:4-dinitropheny]- 
hydrazone, 1174. 
8-Deoxyxylitol, and its tetrabenzoy] derivative, 1235. 
3-Deoxy-D-xylose, synthesis of, from D-arabinose, 1232. 
Des-N (a)-emetinehexahydrobismethine, and its picrate, 3210. 
Des-N (a)-emetinehexahydromethine, 3210. 
derivatives of, S 66. 
Des-N (a)-emetineoctahydrobismethine, S 66. 
Des-N (a)-emetinetetrahydromethine, and its derivatives, S 64, 
65. 


Desmotropo-~ tonin, 959. 

isoDesmotropo-/-santonin, isomeric forms of, and their 
derivatives, 963. 

(+)B-Desmotropo-/-santoninic acid phenylhydrazide and ite 
methyl ether, 964. 

Dethiobiotin, thiazole analogues of, 2898. 

Dethiogliotoxin and its diacetate, S 139. 
structure and derivatives of, 2935. 
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Diaboline, and its salts, 905. 

9:7’-Diacenaphthenyl, stereoisomers of, 3113. 

Diacetone alcohol, decomposition of, in metallic hydroxide 
solutions, 362. 

1:4-Diacetylbenzene, 2-hydroxy-, 2407. 

4-(2’:3’-Diacetyl-5’-benzyl-D-ribofuranosidamino)-5-(2’’:5’’-di- 
chlorobenzeneazo)-2-methylthicpyrimidine, 6-amino-, 1623. 

Diacetyldi-N-butylimine, 1902. 

4:4’-Diacetyldiphenyl! disulphide, 180. 

4:4’-Diacetyldiphenyl sulphone, 181. 

2:4-Diacetyl p-erythrose, 1362 

Diacetylfluoranthene, 343. 

NN-Diacetyl-o-phenylenediamine, N N’-dichloro-, and -diiodo-, 
1982. 

3:5-Diacetyl 1:2-isopropylidene p-glucose, 6-iodo-, S 233. 

Diacetyl trityl methyl-D-arabinoside, 300. 

Diacridyl, preparation of, 1663. 

Dialkylanilines, failure of, to catalyse the isocyanate—alcohol 
reaction, 19. 

Dialkylchloroamines, mechanism of formation of, 2942. 

Dialkylgold compounds, co-ordination compounds of, with 
diamines, 3063. 

Diallyl sulphide, spectrum of, absorption, and structure, 

388. 


disulphide, spectrum of, absorption, and structure, 396. 
ei" |; ere and its hydrochloride, 
148 
ype og Sse, 8 151. 
methiodide, 8 152. 
-Dialiylaminopropionte acid, ethyl ester, S 146. 
pp-Diallylbenzophenone, 443. 
4’:4’’-Diamidino-2’:2’-dimethoxy-1:5-diphenoxypentane, di- 
hydrochloride, 646. 
4’:4’-Diamidino-2:2’-dimethyl-1:6-diphenoxyhexane, dihydro- 
chloride, 647. 
4’:4”-Diamidino-2’:2’’-dimethyl-1:5-diphenoxypentane dihydro- 
chloride, 647. 
4’:4”-Diamidino-1:6-diphenoxyhexane, 2’:2’’-dichloro-2’-iodo-, 
and 2’:2’’-diiodo-, dihydrochlorides, 647 
4':4’’-Diamidino-1:5-diphenoxypentane, 
hydrochloride dihydrate, 647. 
2’-bromo-, 2’:2’-dibromo-, 2’-iodo-, and 
2’:2’’-dinitro-, salts of, 646 
4’:4”-Diamidino-1:3-diphenoxypropane, 2’-bromo-, 2’:2’’-di- 
bromo-, 2’-iodo-, 2’:2’’-diiodo-, and 2’-nitro-, salts of, 646. 

4: 6 op Rare ether, 2-amino-, 2- bromo-, 2-hydroxy-, 
2-iodo-, 2:2’-diiodo-, and 2-nitro-, dihydrochlorides, 647. 
Diamyl disulphide, spectrum of, absorption, and structure, 

396. 
Di-n- and -iso-amy] fluorophosphonates, 638. 
3:6-3’:6’-Dianhydro-f-methylcellobioside, and 
derivative, 2552. 
3:6-3’:6’-Dianhydro-f-methylmaltoside, and its triacetyl deriv- 
ative, 2553. 
Dianilinochlorophosphine oxide, preparation of, 2924. 
2:2’-Dianilinodiethyl sulphone, and its diacetyl derivative, 2438. 
Dianilinofluorophosphine oxide, preparation of, 2924. 
2:2’-Dianilinovinyl-4:4’-dipyridyl diethiodide, S 119. 
Dianthranilide, NN’-diarylsulphonyl derivatives, action of 
Grignard ents on, 384. 
8-Dianthryls, 267, 1579, 2689. 
1:1’-Dianthryl, 2:2’-diamino-, 2:2’ -dibromo-, and 2:2’-dicyano-, 
and their active forms, 1581. 
2:2’-dihydroxy-, 1582. 
1:1’-, 2:2’-, and 9:9’-Dianthryls, 268, 269. 
er acid, preparation and resolution 
of, 1580. 
9:9’-Dianthryl-3:3’-dicarboxylic acid, 2691. 
a £ <n oy” lemma activity of, against 
tuberculosis, 2 
9: 3 = oo ag photo-peroxides, reaction of Grignard 
saan = 1662. 
Diaspore, 22 
1: SDiasabicyclo2 2:2joctane. See Triethylenediamine. 
1-Di 10-bromo-, 1478. 
Diazoaminonaphthalenes, 3436. 
Diazo-compounds, decomposition of, in neutral solution, 87. 
Diazocyanides, aromatic isomeric, absorption spectra of, 1106. 
cis-Di ides, thermal transformation of, to trans-forms, 
effect of solvents and structure on, 944, 


2’:2’’-diamino-, 


2’:2’’-diiodo-, 


di- 


its triacetyl 
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Diazo-groups, effect of water on elimination of, in ethanol- 
sulphuric acid, § 233. 
Diazomethane, action of, on nitro-anils, 234. 
reaction of, with diphenylchloroarsine, 2895. 
w=Diazo-2-meth §-nitro-, 1135. 
— dipole moments and ultra- violet spectra of, 





Diazonium groups, replacement of, by azido-groups, 762. 

by cyano-groups in neutral solution, 1131. 

by nitro-groups, 1624. 
Diazonium salts, coupling of, with 1-naphthylamine, 2282. 
— dipole moments and ultra-violet spectra of, 


1:2-3:4-Dibenzanthracene, synthesis of, 2168. 

1:2-7:8-Dibenzanthracene, and 10-hydroxy-, 
ative, 846, 847. 

1:2-5:6-Dibenzanthra-3:4:7:8-diquinone, 2621. 

1:2-7:8-Dibenz-3:4:5:6-anthradiquinone, and its bisphenazine 
derivative, 847. 

1:2-5:6-Dibenzanthra-3:4-quinone, Schmidt reaction with, 2620. 

ig ro :8-Dibenz-3:4-anthraquinone, and its phenazine derivative, 

2-3’-Dibenzfuryl-3-n-butylindole, 2887. 

2-3’ ~Dibenzfuryl-2-n-propylindole, 2887. 

2:6-Dibenzylidenecy dipole moments of, 2962. 

2:5-Dibenzylid I t , dipole moments of, 2962. 

N. N-Dibenzoyl-p-chloroaniline, 2570. 

1: + reaaaeeae substituted derivatives, preparation of, 


10-acetyl deriv- 








Dibenzoylmethane, dihydroxy-, 2149. 
Dibenzoyltetrahydrofluoranthene, 345. 
1:4-Dibenzoylthi b » hydrazine salt, 1161. 
1:4-Dibenzoylthiosemicarbazide, 1:4-di- -p- -chloro-, 1162. 
3:4:5:6-Dibenzphenanthrene-9:10-dicarboxylic acid, and 
morphine salt, 2691. 
Di-(2-benzthiazoly!) di- and tetra-sulphides, structure and 
absorption spectra of, 407. 
Dibenzyl derivatives, ultra-violet light absorption by, 1902. 
ether, spectrum of, absorption, and structure, 388. 
ethyl phosphate, di-p-nitro-, 821. 
hydrogen and silver phosphates, di-p-bromo-, and di-p-nitro-, 
819. 
sulphide, spectrum of, absorption, and structure, 388. 
disulphide, spectrum of, absorption, and structure, 396. 
Dibenzylamine, and p-bromo., 2:6-dichloro-, and p-nitro-, 
toluene-p-sulphonamides, 2722. 
2-Dibenzylaminoadenine, 2494. 
ae gamete eee cyanide hydrochloride, 
5. 
2-Dibenzylaminoethanol, preparation of, 503. 
2-Dibenzylaminoethyl chloride, and its hydrochloride, 504. 
2-Dibenzylaminopyrimidine, 4:6-diamino-, 4-amino-6-hydroxy-, 
and 4:6-diamino-5-nitroso-, 2494. 
NN-Dibenzylguanidine hydrochloride, 2493. 
3:5-Dibenzylhexahydro-1:3:5-triazine, 1-nitro-, 1640. 
9: 10-Dibensyl-1:2:3:4:5:6:7:8-octahydroanthracene, 2171. 
4: 4’-Dibenzyloxyb 3339. 
Dibenzyl sulphone, spectrum of, absorption, and structure, 410. 
4:4’-Dibutoxybenzophenones, 3339. 
1:5-Di-(p-N-p’-butoxyphenylamidinophenoxy)pentane, 2685. 
1:3-Di-(p-N-p’-butoxyphenylamidinophenoxy)propane, 2685. 
Di-n-butyl ether, kinetics of isocyanate—alcohol reaction in, 9, 
19, 24, 27. 
fluorophosphonate, 638. 
sulphide, spectrum of, absorption, and structure, 388. 





its 





Di-sec.-butyl chlorophosphonate, fluorophosphonate, and 
hydrogen phosphite, 637. 

Di-tert. “butyl disu ulphide, spectrum of, absorption, and structure, 
396. 


Diisobutylamine, di-2-nitro-, and its derivatives, 1767. 
w-Di-n-butylaminoacetophenone, p-bromo-, hydrobromide, 
1136. 


ae :1-diphenylpropane, and its hydrochloride, 
methiodide, 8 154. 


3-Di-n-butylamino-1:1-diphenylpropan-l-ol, and its hydro- 
chloride, § 148, 149. 
its hydro- 


3-Di-n-butylamino-1:1-diphenylprop-l-ene, and 
chloride, 8 151. 
methiodide, 8 152. 
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3-Di-n-butylamino-1:1-diphenylpropyl cyanide, 504. 

2-Di-n-butylaminoethyl chloride, preparation of, 504. 

‘ Ctarecoee vengerorame ane and its di-a-naphthylurea, 
785. 

3-y-Di-n-butylaminopropylaminoquinoxaline, 
and its hydrochloride, 1269. 

pp’ -Di-n-butylbenzophenone, and its derivatives, 520. 

Di-tert.-butyl-1:4-naphthaquinones, phenylhydrazones, 1996. 

2:5-Diisobutylpyrazine, 3-hydroxy-, 2587. 

2:2’-Dicadalylmethane, 1100. 

2:2’-Dicarbethoxydiethyl ether, 714. 

Di-(1-carbethoxyethyl) fluorophosphonate, 638. 

so - eee enrcerens 4-amino-6-hydroxy-, 

3: _ thoxyp 


2:6-dichloro-, 





1:5-disulphonic acid, methyl ester, 


3: PR 4:5-dihydroxy-, 1021. 

3:3-Dicarbethoxypropane-1-sulphonic acid, methy] ester, 49. 

5:5’-Dicarbomethoxydiphenyl disulphide, 361. 

Dicarbomethoxyprotocatechuic aldehyde, and its 2:4-dinitro- 
phenylhydrazone, 92. 

3:8-Di-(0o-carboxybenzoyl)pyrene, 2015. 

3:10-Di-(0-carboxybenzoyl)pyrene, 2015. 

Di-o-carboxybenzoyltriphenylenes, 2441. 

2:2’-Dicarboxydiethyl ether, 714. 

9:9-Di-2’-carboxyethylfluorene, 2626. 

a ee sulphoxide, di-2-2’-amino-, 

27 


Di-[2-(2’-carboxyethylthio)ethy!] sulphone, di-2-2’-amino, 1756. 
5:4’-Dicarboxy-2-methoxydiphenyl ether, 2772. 
3:3-Di(carboxymethylthio)cholanic acid, 7:12-dihydroxy-, 2766. 
3:3-Di(carboxymethylthio)cholest-4-ene, 2766. 
3:6-Dicarboxy-p-phenanthroline, 4:5-dihydroxy-, 1021. 
2:2’-Di-(o-carboxyphenylthio)diethyl sulphoxide, 2127. 
Di-(o-carboxyphenylthio)ethyl sulphone, 2439. 
1:2-Di-( 8-carboxypropiophenyl)ethane, 257. 
1:3-Di-( p-4’:5’-dihydro-2’-glyoxalinylphenoxy)propane, 2686. 
Di-(1:3-dimethyl-n-buty]) fluorophosphonate, 638. 
Di-(2:3-1':3’-dioxatetramethylenebenzyl) hydrogen phosphate, 

di-5-chloro-, 820. 

1:2-Di-2’ -diphenylylethane, 1:2-dibromo-, 2892. 
Diels—Alder associations, catalysis of, 3046. 
1:3-Dienes, reactions of, with cyanogen and nitriles, 1479, 

1485. 


Diene associations, Diels—Alder, catalysis of, 3046. 
Dienestrol, isomerisation of, 1030. 
6:7-Diethoxy-3-alkylisoquinolines, synthesis of, 1681. 
3:4-Diethoxybenzoic acid, p-nitrobenzyl ester, 1576. 
4:4’-Diethoxyb 3339. 
6:7-Diethoxy-1-benzyl-3-ethylisoquinoline, 1682. 
6:7-Diethoxy-1-benzyl-3-propylisoquinoline, 1682. 
3:4-Diethoxybutyrophenone, 1681. 
3:4-Diethoxybutyrophenone, a-oximino-, 1681. 
eee NEED, 
SE SS eamarpenen Ognegeticinin, 
6:7-Diethoxy-1:3-diphenylisoquinoline, 1682. 
Diethoxydiisopropylsilane, 2759. 
1:1-Diethoxy-3-methylpent-2-en-4-yne, 1433. 
Di-2- and ~4-ethoxy-1-naphthylureas, 2294. 
3:4-Diethoxy-w-phenyl h 1681. 
3:4-Diethoxy-w-phenylacetoph a-oximino-, 1681. 
1:3-Di-(p-N-p’ -ethoxyphenylamidinophenoxy)pentane, 2685. 
1:3-Di-(p-N-p’-ethoxyphenylamidinophenoxy)propane, 2685. 
1-3’:4’-Diethoxyphenylbutanol, 2-amino-, and its derivatives, 
1682. 
Di-p-ethoxyphenyl-p-chlorobenzylcarbinol, 440. 
6:7-Diethoxy-1-phenyl-3-methylisoquinoline, 1682. 
6: ?7-Diethoxy-3-phenyl-1-methylisoquinoline, 1682. 
so ae 2-amino-, and its derivatives, 











6: TE aa 1682. 
6:7-Diethoxy-3-phenylisoquinolines, synthesis of, 1681. 
3:4-Diethoxyvalerophenone, 1681. 
3:4-Diethoxyvalerophenone, a-oximino-, 1681. 
Diethyl aa 2924. 
chlorophosphonate, fluorophosphonate, 
hosphite, di-2- chloro-, 638. 
ether, 2-fluoro-2’-cyano-, 2776. 


and hydrogen 
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Diethyl ethylene dithioglycol ether, 2:2’-difluoro-, 916. 
fluorophosphinate, 2924. 
hydrogen hite, di-2-fluoro-, 2926. 
sulphate, 2:2 ifluoro-, 776. 
tetrasulphide, spectra of, absorption, and structure, 397, 400, 
w-Diethylaminoacetop p-bromo-, hydrochloride, 1136. 
NN-Diethyl-p-ami b NN di- 2-chloro-, NN-di-2-. 
hydroxy-, and p’-nitro-N N-di-2-chloro-, 1980, 1974. 
NN-Diethyl-p-aminobenzoic acid, N N-di-2-chloro-, 185. 
esters, and N N-di-2-hydroxy-, ethyl ester, 1974. 
2-Diethylaminobutane, and its picrate, 781. 
4-Diethylaminobutanol, preparation of, 503. 
3-Diethylaminobutan-2-one, and its semicarbazone, 784. 
4-Diethylaminobutan-2-one, condensation of, with ethyl 
sodiocyclopentan-2-one-1-carboxylate, 828. 
3-Diethylaminobut-l-yne, and its derivatives, 781. 
2-(3’-Diethylamino-1’-carbethoxy-1’-phenyl-2’-methylpropy])- 
4-methylthiazole, S 112. 
ag ges oy arr 1 7 ieee 
thiazole, and its dipicrate, 81 
2-( =. pmo hee ’-phenylpropyl)thiophen, 
4 
B-Diethylaminocrotonic acid, methy] ester, 719. 
NN-Diethyl-p-aminodiphenyl ether, NN-di-2-chloro-, 
-di-2-hydroxy-, 1974. 
4-Diethylamino-1:1-diphenylbutane-l-carboxylic acid, and its 
ethyl ester, 507. 
4-Diethylamino-1:1-diphenylbutyl cyanide hydrochloride, 505. 
ba ao > rateaeemaenes hydrochloride, S 153. 
methiodide, S 1 
3-Diethylamino-1: | TOCA acid, and its 
ethyl ester, 507. 
ee, and its hydrochloride, 
148, 149. 
sem, and its hydrochloride, 
151. 
methiodide, 8 152. 
3-Diethylamino-1: Am er et rd be emery 504. 
2-2’-Diethylaminoethylami 3312. 
2-2’-Diethylaminoethylaminob 1 , and its derivatives, 
3313. 








and 








2-2’-Diethylaminoethylaminobenzthiazol 
nitro-, 3314. 

2:2’-Diethylaminoethylamino-5-p-chlorophenyl-1:3:4-oxa- 
diazole, 1922. 

2-8-Diethylaminoe‘ hylamino-4-ethylthio-6-methylpyrimidine, 
and its picrate, 1259. 

a” ~ Superman eanneast te aeealieteee neee 
1274. 


2-8-Diethylaminoethylamino-3-hydroxyquinoxaline, 1271. 
2-2’-Diethylaminoethylamino-5-methoxybenzthiazole, 3313. 
2-2’-Diethylaminoethylamino-5-p-methoxyphenyl-1:3:4-oxadi- 
azole, and its picrate, 1922. 
4-8-Diethylaminoethylamino-6-methoxyquinoline, 1462. 
3-8-Diethylaminoethylamino-6-methoxyquinoxaline, and 2- 
chloro-, and their picrates, 1274, 1276. 
3-8-Diethylaminoethylamino-6(or 7)-methoxyquinoxaline, 
2:2z-dichloro-, and its picrate, 1274. 
2-8-Diethylaminoethylamino-3-methylquinoxaline, and its di- 
picrate, 1271. 
2-2’-Diethylaminoethylamino-5-phenyl-1:3:4-oxadiazole, 
its picrate, 1922. 
2-8-Diethylaminoethylaminoqninoxaline, and its picrate, and 
6-chloro-, and 7-chloro-, dihydrochloride, 1270. 
3-8-Diethylaminoethylaminoquinoxaline, 2-chloro-, effect of 
substitution in, 1271. 
2-chloro-6-bromo- and -6(or 7)-nitro-, and their picrates, 1276, 
1277. 
2-Diethylaminoethylbenzyl cyanide and its picrate, S 108. 
2-2’-Diethylaminoethyl-1:2:3:4-tetrahydroisoquinoline, 7- 
amino-, and its acetyl derivative, and 7-nitro-, dihydro- 
chlorides, 1803. 
NN-Diethyl-2-aminofluorene, NN-di-2-chloro- and -2-hydr- 
oxy-, 1974. 
2-Diethylaminohex-1-en-3-ol-1-carboxylic acid, lactone, 1428. 
8-Diethylamino-f-(1-hydroxycyclohexyl)acrylic acid, lactone, 
1427. 
a-Diethylamino-f-hydroxypropionic acid, methyl ester, 1971. 
w-Diethylamino-p-methoxy hydrobromide, 1136. 


, 6-amino-, and 6- 





and 





2-Diethylamino-5-methoxybenzthiazole, 3314. 
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a-Diethylamino-f-methoxypropionic acid, methy] ester, 1971. 

4-(4’-Diethylamino-1’-methylbutylamino)-p-phenanthroline 
tris-3:5-dinitrobenzoate, 1022. 

$-5-Diethylamino-a-methylbutylaminoquinoxaline, 2:6-di- 
chloro-, and its picrate, 1269. 

5-Diethylamino-3-methylpenta-2:4-dien-l-al, 1432. 

2-Diethylaminopent-1-en-4-ol-1-carboxylic acid, lactone, 1428. 

1-Diethylamino-3-phenyl-2-methylpentan-4-one, S 108. 

4-Diethylamino-2-phenyl-6-methyl-3-pyridazone, and its pi- 

erate, 2548. 

1-Diethylamino-3-phenylpentan-4-one, S 108. 

y-Diethylamino-c-phenylthiobutyramide hydrochloride, S 109. 

9-(3’-Diethylamino-1’-propionylphenylpropyl)thiophen and its 

oxalate, S 114. 
$-y-Diethylaminopropylamino-6-methoxyquinoxaline, 2-chloro-, 
and its picrate, 1274. 
2-y-Diethylaminopropylamino-3-methylquinoxaline, 
dipicrate, 1271. 
4-(3’-Diethylaminopropylamino)-p-phenanthroline, 
bis-3:5-dinitrobenzoate, 1021. 

N-(2-3’-Diethylaminopropylaminophenyl)acetamidine, 
chloro-, and its salts, 1399. 

N-4:5-dichloro-, 1400. 
2-y-Diethylaminopropylaminoquinoxaline, and 7-chloro-, di- 
hydrochloride, 1270, 1271. 

3-y-Diethylaminopropylaminoquinoxaline, 2:6-dichloro-, and 
its picrate, 1269. 

N-(8’-Diethylaminopropy] aniline, 4:5-dichloro-2-nitro-, and its 
salts, 1400. 

4:5-(3’-Diethylaminopropylimino)-p-ph throline, bis-3:5-di- 
nitrobenzoate, 1022. 

NN-Diethyl-m-aminostilbene, NN-di-2-bromo-, 
-2-hydroxy-, and -2-iodo-, 1974. 

NN-Diethyl-p-aminostilbene, N N-di-2-chloro- and -di-2-hydr- 
oxy-, 185. 

NN “Diethylaniline, NN-di-2-bromo-, _p-chloro-N N-di-2- 
bromo-, -N N-di-2-chloro-, -N N-di-2-hydroxy-, and -NN- 
di-2-iodo-, and their picrates, and 2:4-dinitro-N N-di-2- 
chloro-, 184. 

NN-di-2-iodo-, and p-nitroso-N N-di-2-chloro-, 1974. 
3:5-dinitro-, 2788. 

NN-Diethyl-o-anisidine, N N-di-2-chloro- and -di-2-hydroxy-, 
picrates, 184. 
NN-Diethyl-p-anisidine, N N-di-2-bromo-, -di-2-chloro-, -di-2- 
hydroxy-, and -di-2-iodo-, and their picrates, 184. 
NN-di-2-chloro-, reactions of, in acetone, 2589, 2824. 
NN-di-2-chloro-, N-chloro-N-iodo-, and di-2-hydroxy-, and 
their derivatives, 2595, 2596. 
00-Diethylaromoline dimethiodide, 2773. 
pp’-Diethylbenzophenone, and its p-nitrophenylhydrazone, 520. 
NN-Diethyl-p-tert.-butylaniline, NN-di-2-chloro- and _ -2- 
hydroxy-, 1974. 

Diethyl-2-(dichloronaphthoxy)ethylamines, and their salts, 
2681, 2682. 

Diethyl-5-(2:4:6-/richlorophenoxy)-n-amylamine hydrochloride 
and picrate, 2681. 

Diethyl-4-(2:4:6-irichlorophenoxy)butylamine hydrochloride, 
2681. 

Diethyl-2-(p-chlorophenoxy)ethylamine hydrochloride, 2681. 

Diethyl-2-(2:4-dichlorophenoxy)ethylamine hydrochloride, 2681. 

Diethyl-2-(trichlorophenoxy)ethylamine hydrochlorides, 2681. 

Diethyl-2-(pentachlorophenoxy)ethylamine hydrochloride and 

picrate, 2681. 


Diethyl-8-(2:4:6-irichlorophenoxy)octylamine, 2681. 
a lene re petnnners hydrochloride, 
2681 


and its 
9-chloro-, 


N-5- 





-2-chloro-, 


Diethyl-8-chloro-n-propylamine, di-2-chloro-, and its picrate, 
550 


Diethyl-2-(5:7-dichloro-8-quinolyloxy)ethylamine, 2682. 
Diethyl-2-(z:z:7-trichloro-2-quinolyloxy)ethylamine, and 
picrate, 2681, 2682. 
Diethyldi(iso)cyanosilane, 2764. 
Diethyl(diphenylphosphato)gold, 3079. 
Diethyldithiocarbamic acid, derivatives, spectra of, absorption, 
and structure, 404. 
Diethyldithioureidogold thiocyanate, and its picrate complex 
with thiourea, 1839. 
NN-Diethylfiuoroacetamide, N N-di-2-chloro-, 914. 
Diethylgold, cyclic derivatives of, 431. 
a di-2-hydroxy-, 549. 
P 


its 
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ae and -3-hydroxy-n-propylamines, di-2-hydroxy-, 549, 


Diethyldiiodosilane, 2761. 
Diethyl! ketone, 2:2’-dichloro-, preparation of, 714. 
Diethyl-lead dichloride and bis-p-nitrophenoxide, 925. 
Diethyl-2-naphthoxyethylamine hydrochlorides, 2681. 
Diethylnitrosoamine, di-2-chloro-, 551. 

di-2-hydroxy-, 550. 
2:5-Diethy’ pentanone, and its semicarbazone, 836. 
ee anwane Seneneee acid, ethyl ester, 


NN-Diethyl-p-phenylenediamine, NN-di-2-chloro-, hydro- 
chloride, and N’-acetyl and -benzoy! derivatives, 1974. 
Di-(1-ethyl-n-propyl) fluorophosphonate, 638. 
2:5-Diethylpyrazine, 3-hydroxy-6-cyano-, 1366. 
5-3’:5’-Diethyl-1’-pyrazolylphthalaz-1:4-dione, 640. 
3-3’:5’-Diethyl-1’-pyrazolylphthalimide, 640. 
NN-Diethylpyrrolidinium picrate, 504. 
a \eeemenneneee and their picrates, 2681, 


Diethyl sulphone, 1:1’:2:2’-tetrabromo-, herabromo-, and 1:2- 
dibromo-2’-chloro-, 2437. 
2:2’-dihydroxy-, preparation and reactions of, 2436. 
1:1-Diethylsulphonylbut-2-ene, 2724. 
vViethylthioacetamidothiocyanatogold, 1839. 
pp’-Diethylthiobenzophenone, 443, 3339. 
1:1-Diethylthiobut-2-ene, 2723. 
Diethylthiocyanatogold, 1835. 
Di-p-ethylthiophenylbenzylcarbinol, 443. 
NS-Diethylisothiourea hydrobromide, 479. 
NN-Diethyltoluidines, NN-di-2-bromo-, -di-2-chloro-, -di-2- 
hydroxy-, and -di-2-iodo-, and their picrates, 184. 
Diffusion of ions in solution, study of, by means of radioactive 
isotopes, § 381. 
Difiuorantheno(11’:12’-2:3)(11’:12’’-5:6)-p-benzoquinone, 1559. 
Di-9-fluorenylidenesuccinic acid, and its dilactone and di- 
methyl ester, 1105, 1106. 
O-Diformyldeoxycholic acid, 3437. 
Digeranyl ether, 2724. 
Diguanide, derivatives, 1665. 
pe ord ge epee of, 2556. 
substituted, ultra-violet absorption spectra of, 221. 
6-Diguanidoquinoline, and its hydrochloride, 1258. 
7° ~ ane reaction of, with primary amines, 
2831. 





Dicyclohex-2-enyl sulphide, spectrum of, absorption, and 
structure, 388. 
Dicyclohexyl hydrogen phosphite, 2926. 
disulphide, spectrum of, absorption, and structure, 396, 397, 
400 


hexasulphide, spectrum of, absorption, and structure, 397. 
NN-Di-n-hexylaniline, N N-di-6-chloro- and -6-hydroxy-, and 
its bis-3:5-dinitrobenzoate, 1982. 
alates NN-di-2-chloro- and -2-hydroxy-, 
1982. 


3:5-Dicyclohexylhexahydro-1:3:5-triazine, l-nitro-, 1640. 
1:4-Di-n-hexylcyclohexane-1:4-diol, 3370. 
4:4’-Dicyclohexyloxybenzophenone, 3339. 
1:4-Dihex-l-ynylcyclohexane-1:4-diol, 3370. 
3:4-Dihydro-4’:3-ace-1:2-b th e, 
acetyl derivative, 460. 
2:3-Dihydroacetophenone, and its derivatives, 617. 
2:5-Dihydroacetophenones, preparation and properties of, 607. 
Dihydroagnost and its semicarbazone, 575. 
Dihydroagnosterol, and its acetate, 574, 575. 
9:10-Dihydroarsanthridines, 10-substituted, synthesis of, 2888. 
3:4-Dihydro-7:8-benzindolo(2’:3’-1:2)pyridocoline, and its 
hydrochloride, 1723. 
7:8-Dihydro-5:6-benzoquinoline, 3171. 
picrate, 3170. 
A*:?.Dihydrobenz-2:1:3-oxaselenazole, 7-nitroso-, 276. 
Dihydrobutyrospermol, and its derivatives, 448. 
Dihydrobutyrospermone, 449. 
Dihydrocinerolone, structure of, 94. 
Dihydrocitrinin, and its derivatives, 874. 
synthesis of, 1563. 
Dihydroconessine, and its derivatives, 3130. 
Dihydroheteroconessine, 3130. 
3:4-Dihydro-1:2:7:8-dibenzanthracene, 3:4-dihydroxy-, and its 
3:4-diacetyl derivatives, 847. 





3:4-dihydroxy-,. 4- 
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22(23)-Dihydroergosterol D, 219. 

“* B-Dihydroergosterol,”’ and its derivatives, 1771. 
Dihydroisatinecic acid, bis-p-phenylphenacy] ester, 1702. 
Dihydroisatinecic acid, dihydroxy-, 1705. 
= aye et aeanenee eae tpetereer emer meaes 


09-154 Dtapive-f-cashine-&-turyl)-B-o-csehitat-t': 3-ethyl- 
ene-8-naphthopyran, 2297. 

2-(2’:3’-Dihydro-f-naphtho-2’-furyl)-2-phenyl-2’:3-ethylene-f- 
naphthopyran, 2297. 

< Sa en nee - Saat Oeheny a anaeInEEe, 


a8: 3’-Dihydro-§-naphtho-2’-furyl)-2-phenylxanthone, 2297. 

Dihydrophellandral, and its derivatives, 352. 

Dihydrophellandrol, 352. 

Dihydroneopicrotoxinin, 811. 

Dihydroisoquinamine, 736. 

Dihydroisoquinolines, disproportionation of, 2587. 

1;:2-Dihydroquinolino(3’:2’-3:4)quinoline series, 
constitution in, 2816. 

3:4-Dihydroquinoxaline, 6- and 7-chloro-2-hydroxy-, 1264, 1265. 

Dihydroisorosenonic acid, methy] ester, 883. 


colour and 








Dihydror lactone, and its derivatives, 882. 
Dihydroisor lactone, and its derivatives, 883. 
Dihydrotaraxasterol, 2556. 


A*-Dihydrothiapyran, and its salts and derivatives, 2752. 
A®-Dihydrothiapyran, 2754. 
Dihydrothiapyrans, 2749. 
Dihydrotirucallol, and dihydroxy-, 2553. 
ee hydrochloride hydrate, 
L. 
2:6-Diketo-2’-benzyl-1:2:3:6-tetrahydrothiazolo(5’:4’-4:5)pyr- 
imidine, 2332. 
2:6-Diketo-2’-benzylthio-1:2:3:6-tetrahydrothiazolo(5’:4’-4:5)- 
pyrimidine, 2331. 
2:5-Diketo-3-butyl-6-sec.-butylpiperazines. See pi-Leucyl- and 
DL-Norleucyl-pDL-isoleucine anhydrides. 
7:12-Diketo-3:3-di-(p-acetamidophenylthio)cholanic acid, 2765. 
3:6-Diketodibenziminazolo(1’:2’:1:2)(1:2’:4:5)piperazine, 
5’(or 6):5’’(or 6’’)-dichloro-, 1268. 
7:12-Diketo-3:3-di(carbomethoxythio)cholanic 
ester, 2766. 
7:12-Diketo-3:3-di(carboxymethylthio)cholanic acid, 2766. 
Diketodihydroeuphyl acetate, S 157. 
1:7-Diketo-2:13-dimethylperhydrophenanthrenes, and 
derivatives, 1863. 
2:6-Diketo-1:3-dimethyl-1:2:3:6-tetrahydropyridino(2’:3’-4:5)- 
pyrimidine, 2584. 
2:3-Diketo-1:4-dimethyl-1:2:3:4-tetrahydroquinoxaline, 6- 
bromo-, 1276. 
6-chloro-, 1267. 
3:6-Diketo-2’:2’’-diphenyl-5’:5’:5’’:5’’-tetramethyldithiazol- 
idino(3’:4’-1:2)(3”’ :4’’-4:5)piperazine, 2356. 
2:5-Diketo-3:4-diisopropylmorpholine, 2350. 
2:6-Diketoheptane-3-carboxylic acid, ethyl ester, 715. 
3:6-Diketo-2’:5':5':2”’:5’’:5’’-hexamethyl-2’:2’’-di(carboxy- 
ee nee nee 
55. 


acid, methyl 


their 


3:4-Di-(4’-ketocyclohexenyl)hexane, 2535. 
2:3-Diketo-6-methoxy-1:4-dimethyl-1:2:3:4-tetrahydroquin- 
oxaline, 1274. 
2:5-Diketo-4-methyl-3:6-diisopropylmorpholine, 1024. 
2:4-Diketo-1-methylcyclohexane-l-glyoxylic acid, ethyl ester, 
and its semicarbazone, 1869. 
2: 5-Diketo-6-methylindolo(1’: 2’-3:4)morpholine, 
and its derivatives, 2941. 
2:5-Diketo-4-methyl-3-isopropylmorpholine, 2350. 
3:6-Diketo-4-methyl-2-isopropylmorpholine, 2349. 
2:6-Diketo-2’-methylthio-1:2:3:6-tetrahydrothiazolo(5’:4’-4:5)- 
pyrimidine, 2331. 
2:5-Diketomorpholines, synthesis and stability of, 2347. 
Diketones, aliphatic, condensation of, with hex-l-yne, 3368. 
3:6-Diketo-2’:2':5':5’:2’’:2”:5’:5’’-octamethyldithiazolidino- 
(3’:4’~1:2)(3’:4’=4:5) piperazine, 2357. 
2:4-Diketo-5-isopropylidenethiazoline, 2575. 
3:6-Diketo-2-isopropylmorpholine, 2349. 
3:6-Diketo-5’:5':5’:5’’-tetramethyldithiazolidinopiperazinedi- 
carboxylic acids, dimethyl esters, 2354, 2355. 
te 


3’-hydroxy-, 


5-amino-, 
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2:3-Diketo-1:4:6-trimethyl-1:2:3:4-tetrahydroquinoxaline, 1276. 

DL-LD-2:5-Diketo-3:4:6-triisopropylmorpholine, 2350. 

“ Dimedone,”’ and its ethyl ether, 898. 

Dimethi ocyanines, 1126. 
trinuclear, 1113. 

ee 
lone) ], ‘ 

ys uae at reeenell 
thiazolone)}, 143 

Dimethin-[2-( j-othy ibonsthiasole) | 4-(-o-naphthyimethylthio- 
5-thiazolone) |, 1437. 

Dimethin-{2-(1-ethylbenathiazole)|(4-(2-phenyi-b-oxazolone)}, 

Dimet 2-(1-methylbenzthiazole) |! 4-(2-ethylthio-5-thi- 
azolone)], 1436. 

Dimethin-{2-(1-methylquinoline)|[4-(2-amyl-b-oxazolone)], 

Dimethin-(2-(1-methylquinoline) |[4-(2-benzyl-5-oxazolone)], 
1436. 

Dimethin-[2-(1-methylquinoline) |[ 4-(2-6-benzylthio-5-thi- 
azolone)|, 1436. 

Dimethin-{2-(1-methylquinoline) }[4-(2-carbethoxythio-5-thi- 
azolone) |}, 1437. 

Dimethin-{2-(1-methylquinoline)][4-(2-ethylthio-6-thiazolone)), 

Dimethin-[2-(1-methylquinoline) [ 4-(2-c-naphthylmethylthio- 
5-thiazolone)], 1437. 

as - atthatiaa aera 

Dimethin-(2-(1:3:3-trimethylindoline) |[ 4-(2-carbethoxythio-5- 
thiazolone)], 1437. 

4:7-Dimethoxy-5-acetoacetylcoumaran, 6-hydroxy-, S 33. 

4:7-Dimethoxy-5-acetoacetylcoumarone, 6-hydroxy-, S 32. 

4:5-Dimethoxyacetophenone, w-chloro-2-hydroxy-, and 2- 

hydroxy-, and their 2:4-dinitrophenylhydrazones, 564, 
565. 





2:w-dihydroxy-, w-benzoyl derivative, and its 2:4-dinitro- 
phenylhydrazone, 568. 
2:4-Dimethoxy-w-acetyl-5-allylacetophenone, 3080. 
6:7-Dimethoxy-3-acetylchroman-4-one, 569 
4:7-Dimethoxy-5-acetylcoumaran, 6-hydroxy-, S 32. 
6:7-Dimethoxy-3-acetylcoumarin, and its 2:4-dinitrophenyl- 
hydrazone, 566. 
4-hydroxy-, 857. 
4:7-Dimethoxy-5-acetylcoumarone, 6-hydroxy-, § 32. 
and its 2:4-dinitrophenylhydrazone, 305. 
4:7-Dimethoxy-5-acetylcoumarone-2-carboxylic acid, 6-hydr- 
oxy, 305. 
4: 5-Dimethoxy-2-acetylphenoxyacetic acid, ethyl ester, 564. 
2:4-Dimethoxy-w-acetyl-5-n-propyl , 3080. 
1:2-Dimethoxy-4-allylbenzene, 3- hydroxy-, 438. 
1:5-Dimethoxyanthracene, preparation of, 2726, 
<  ~_aeenen 2:4-dinitrophenylhydrazone, 
51 





3: SE eemnmate, 2:4-dihydroxy-, and its deriv- 
atives, 304; 

4:4’ -Dimethoxybensophenone, 3339. 

4:5-Dimethoxyb , 2-hydroxy-, 567. 

1:4-Di-; methoxybenzoylthiosemicarbaside, 1162. 

2: 2-Dimeth xyb 3314. 

5:6-Dimethoxybenzthiazole, 2-mercapto-, 1506. 

2-(3’:4’-Dimethoxybenzyl)aminocyclohexanol, and its deriv- 
atives, 1313. 

5-(3’:4’-Dimethoxybenzylidene)creatinine-5’- or -6’-sulphonic 
acid, and its monohydrate and 2-acety] derivative, 93. 

2:4-Dimethoxybenzylidene-p-nitroaniline, 235. 

6:7-Dimethoxychromone, and its derivatives, 567, 568. 

4:7-Dimethoxycoumaran, 6-hydroxy-, S 32. 

5:6-Dimethoxycoumaran-3-one, and its derivatives, 565. 

6:7-Dimethoxycoumarin, 3- and 4-hydroxy-, and their deriv- 
atives, 566. 

3:7-Dimethoxycoumarin-4-carboxylic acid, ethy! ester, 2052. 

5:7-Dimethoxycoumarin-4-carboxylic acid, 3-chloro-, and ite 
esters, 2052. 

6:7-Dimethoxycoumarin-3-carboxylic acid, 4-hydroxy-, ethy! 
ester, 566. 

7:8-Dimethoxycoumarin-4-carboxylic acid, 3-chloro-, 
ester, 2053. 

lo . eee 6-hydroxy-, 
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6-benzyl derivative, 
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4:7-Dimethoxycoumarone-2-carboxylic acid, 6-hydroxy-, and 
its 6-benzyl derivative, ethyl esters, 304. 
methy] esters, S 32. 
4:6-Dimethoxycoumarone-2:3-dicarboxylic acid, and its methyl 
ester, 2052 
aD ame acid. See Abutic 
acid, 
6:7-Dimethoxycoumarone-2:3-dicarboxylic acid, and its methyl 
ester, and 3-chloro-, ethyl ester, 2053. 
By-Dimethoxycrotonic acid, 3108. 
1:5-Dimethoxy-9:10-dihydroanthracene, 2726. 
6:7-Dimethoxydihydrocoumarin, 565. 
4:6-Dimethoxy-2:3-dimethylbenzaldehyde, and its 2:4-dinitro- 
phenylhydrazone, 3039. 
5:6-Dimethoxy-2:3-dimethylindole, 2066. 
3-(3:5-Dimethoxy-2:4-dimethylphenyl)butan-2-ol, 
nitrobenzoate, 877. 
6:8-Dimethoxy-2:2-dimethyl-1:2:3:4-tetrahydrotsoquinolinium 
salts, 2019. 
2’:2’’-Dimethoxy-1:5-diphenoxypentane, 4’:4”-dicyano-, 644. 
1:2-Dimethoxy-3-ethoxy-4-allylbenzene, 438. 
4:5-Dimethoxy-2-ethoxybenzaldehyde, and _ its 
phenylhydrazone, 498. 
4:5-Dimethoxy-2-ethoxybenzoic acid, and its ethyl ester, 498. 
2:4-Dimethoxy-5-ethoxycinnamic acid, 499. 
4:5-Dimethoxy-2-ethoxycinnamic acid, 498. 
B-2:4-Dimethoxy-5-ethoxyphenylpropionic acid, 499. 
B-4:5-Dimethoxy-2-ethoxyphenylpropionic acid, 498. 
3:4-Dimethoxy-6-ethoxyphthalic anhydride, 499. 
4:6-Dimethoxy-3-ethoxyphthalic anhydride, 499. 
1:2-Dimethoxy-3-ethoxy-4-propenylbenzene, 438. 
4:6-Dimethoxy-7-ethoxyindan-1-one, and its 2:4-dinitrophenyl- 
hydrazone, 499. 
6:7-Dimethoxy-4-ethoxyindan-1-one, and its 2:4-dinitropheny]- 
hydrazone, 499. 
2:4-Dimethoxy-6-ethylbenzaldehyde and its derivatives, 863. 
[5:6-Dimethoxy-3-ethylbenzthiazole |[ 1-ethyl-2-pyridine]methin- 
cyanine iodide, 1509. 
(5: 6-Dimethoxy-2-ethylbenzthiazole][ 1-ethyl-2-quinoline]- 
methincyanine toluene-p-sulphonate, 1509. 
2:4-Dimethoxy-6-ethylbenzyl cyanide, 867. 
6:7-Dimethoxy-3-ethylcoumarin, 4-hydroxy-, 567. 
2:4-Dimethoxy-6-ethylphenylacetaldehyde, 867. 
1-(2:4-Dimethoxy-6-ethylphenyl)propan-2-ol, and its p-nitro- 
benzoate, 867. 
2:4-Dimethoxy-6-ethylphenylpyruvic acid, and its derivatives, 
867. 


and its p- 


2:4-dinitro- 


4:6-Dimethoxy-2-ethyltoluene, 2019. 

2:5-Dimethoxy-6-formylphenoxyacetic acid, 3-hydroxy-, 3- 
benzy] derivative, and its ethyl ester, 304, 305. 

$:6-Dimethoxy-2-formylphenoxyacetic acid, 5- hydroxy-, 5- 
benzy] derivative, and its methy] ester, S 32. 

5:8-Dimethoxyfurano(4’:5’:6:7)flavone, 306. 

3:5-Dimethoxy-4-p-methoxyphenylbenzoic acid, and its amide 
and methy] ester, 1081. 

5:6-Dimethoxy-2-methylbenzthiazole, 1506 

[5: 6-Dimethoxy-3-methylbenzthiazole]| 1-methyl-2-pyridine]- 
methincyanine iodide, 1509. 

| 5:6-Dimethoxy-3-methylbenzthiazole]{1-methyl-2-quinoline]- 
methincyanine bromide, 1509. 

3:5-Dimethoxy-2-methylbenzyl cyanide, 866. 

a-Dimethoxymethyl-n-butyric acid, B-amino-, 8-benzoy] deriv- 
ative, methyl ester and its 2:4- dinitrophenylhydrazone, 348. 

a-Dimethoxymethyl-n-butyrylhydrazide, B-amino-, £-benzoyl 
derivative, 348. 

N-( a-Dimethoxymethyl-n-butyr yl)-p-penicillamine, N-f- 
amino-, B-benzoy] derivative, 348. 

6:7-Dimethoxy-2-methylchromone, and its 3-acetyl derivative 
and its 2:4-dinitrophenylhydrazone, 567. 

6:7-Dimethoxy-2-methylchromone, 3-hydroxy-, and its 3-acetyl 
derivative, 568. 

6:7-Dimethoxy-3-methylcoumarin, 4-hydroxy-, 567. 

5:6-Dimethoxy-3-methylcoumarone, and its derivatives, 564, 
565 ‘ 


6:8 Dimethoxy-2-methyl-2':8 -dihydroturo(4’:5:6:7)ehromone, 

33. 

anes ’-methylenedioxy-5-cinnamoylcoumarone, 
306. 


8:7-Dimethoxy-3’:4’-methylenedioxyflavone, 5-hydroxy-, and 
its acetate, 2163. 
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5:8-Dimethoxy-3”’:4’’-methylenedioxyfurano(4’:5’:6:7)- 
flavanone, 306 

6:7-Dimethoxy-2-(3’:4’-methylenedioxystyryl)chromone, 567. 

ss “tamnennc i dari pre rs commana See Kel- 


5:6-Dimethoxy-3-methylindole, 2065. 
2:3-Dimethoxy-6-methylquinoxaline, 1276. 
3:5-Dimethoxy-2-methylstyrene, 2019. 
6:8-Dimethoxy-2-methyl-1:2:3:4-tetrahydroisoquinoline, 2018. 
ne acid, methyl ester, hydrogenation of, 


1:4-Dimethoxynaphthalene, dipole moment of, 2312. 
1:5-Dimethoxynaphthalene, and 4:8-dibromo- and -dichloro-, 
dipole moments of, 2312. 
Di-(1- and 2-methoxynaphthy]) selenides, 2197. 
Di-2- and -4-methoxy-1-naphthylureas, 2294. 
3:4-Dimethoxyphenol, derivatives, 562. 
2-(3’:4’-Dimethoxyphenoxy)benzoic acid, 1569. 
Di(methoxyphenyl) selenide, dibromo-, 2197. 
Di-o-methoxypheny]l diselenide, 2197. 
1:5-Di-(p-N-p’-methoxyphenylamidinophenoxy)pentane, 2685. 
1:3-Di-( p-N-p’-methoxyphenylamidinophenoxy)propane, 2685. 
1-3’:4’-Dimethoxyphenylisobut-1-ene, | 
2-(3:5-Dimethoxyphenyl)but-2-ene, 865. 
1-3’:4’-Dimethoxyphenylisobutyl alcohol, 1178. 
1-3’:4’-Dimethoxyphenylisobutylamine, picrate, 1178. 
Di-p-methoxyphenyl-p-chlorobenzylcarbinol, 440. 
N ii ya ee cnet tear aa eae 


2-( Dimethoxypheny])-3-ethylind oles, 2887. 

5:6-Dimethoxy-3-phenylindole, 2065. 

4-(3’:4’-Dimethoxyphenyl)lutidine-3:5-dicarboxylic acid, ethy] 
ester, 2133. 

2-(Dimethoxyphenyl)-3-methylindoles, 2887. 

4:4’-Dimethoxyphenyl methyl ketazine, 1902. 

4-(2:4-Dimethoxyphenyl)-5-( p-nitrophenyl )-4:5-dihydro-1:2:4- 
triazole, 236. 

1-2-Di-(4-p-methoxyphenylpiperazino)ethane, and its tetra- 
picrate, 2833. 

f-4:5-Dimethoxyphenylpropionic acid, 8-2-hydroxy-, 565. 

1-3’:4’-Dimethoxyphenyl-n-propylamine, and its picrate, 1177. 

3:4-Dimethoxyphenyl-2’-pyridylcarbinol, and its picrate, 2578. 

3:4-Dimethoxyphenyl 2-quinolyl ketone, and its 2:4-dinitro- 
phenylhydrazone, 2578. 

2-(3’:4’-Dimethoxyphenyl)-1:2:3:4-tetrahydroisoquinoline,  7- 
amino-, and its acetyl derivative, and 7-nitro-, 1802. 

£-(3:4-Dimethoxyphenyl)tetrahydro-4-thiazinylpropionic acid 
1:1-dioxide, 2439. 

3:4-Dimethoxyphthalic acid, 6-hydroxy-, synthesis of, 497. 

4:5-Dimethoxypropiophenone, 2-hydroxy-, and its 2:4-di- 
nitrophenylhydrazone, 567. 

2:4-Dimethoxy-5-n-propylacetone, 3080. 

2:6-Dimethoxypyridino(2’:3’-4:5)pyrimidine, 2584. 

Dimethoxyquinoxalines, 3014, 3015. 

2:3-Dimethoxyquinoxaline, 6-bromo-, 1276. 
6-chloro-, 1267. 

6:7-Dimethoxyquinoxaline di- N-oxide, 3016. 

Dimethoxystilbenes, bromination of, 521. 

6: — 2:3:4-tetrahydrocarbazole, and its peroxide, 


chloride, 


pinatnenp-te 6:7:8-tetrahydrophenazines, 3015, 3016. 
2:3-Dimethoxy-5:6:7:8-tetrahydrophenazine di-N- oxide, 3016. 
3:5-Dimethoxy-o-toluic acid, 866 
3:5-Dimethoxy-o-tolylacetamide, 866. 
1:7-Dimethoxyxanthen, 1569. 
2:3-Dimethoxyxanthhydrol, and its ferrichloride, 1569. 
2:3-Dimethoxyxanthone, and its semicarbazone, 1569. 
7:8-Dimethylacenaphthene-7:8-diol, trans-3-bromo-, 1558. 
Dimethylacetophenones, dipole moments of, 2963. 
4:5-Dimethylacetophenone, 2-amino-, 2402. 
BB-Dimethylacrylic acid, a-bromo-, anionotropic and proto- 
tropic changes in, 3089. 
reaction of, with alkoxides, 236. 
2:5-Dimethyl-1-allylpyrrole, 2884. 
Dimethylamine, perfluoro-, 3080. 
2-Dimethylaminoadenine, 2495. 
p-Dimethylaminoanilinophosphonic acid, dibenzyl and diethyl 
esters, 2925. 
p-Dimethylaminobenzaldehyde, condensation of, with nitro- 
paraffins, 767. 
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p-Dimethylaminobenzene-N ’-azoxy-3-(1:2-diphenylindole), and 
its derivatives, 2910. 
< ~" [eons ‘-azoxy-3-(phenyl-1-ethylindole), 


4-Dimethylamino-4’ ~benzyloxyb ph — 
4-Dimethylamino-4’-butoxyb h 339. 
3-Dimethylaminobut-1-yne, : and its een ado 781. 
Dimethylami acid, ethyl ester, 2925. 
5: 5-Dimethyl-2-aminocyanomethylthiazolidine-4-carboxylic 
acid, methy] ester, oxalate, 3233. 
5:5-Dimethyi-2-aminocyanomethylthiazoline-4-carboxylic acid, 
methyl ester, oxalate, 3233. 
8-Dimethylamino-2:6-diketo-octane-3-carboxylic acid, 
ester, hydrogen oxalate, 712. 
NN’-Dimethyl-00’-diaminodiphenyl, 1981. 
3-Dimethylamino-1:1-diphenylbutane, and its derivatives, 653. 
ee :1-diphenyl-n-butyl cyanide, derivatives of, 
51 
preparation of, 514. 
resolution of, and its salts, 652. 











ethyl 


6-Dimethylamino-4:4-diphenyl-2:5-dimethylhexan-2-one, and 
its hydrobromide, 654. 
1-Dimethylamino-3:3-diphenylheptan-4-one, and its hydr- 


iodide, 654. 
6-Dimethylamino-4:4-diphenylLeptan-3-one. See Amidone. 
5-Dimethylamino-3:3-diphenylhexan-2-one, and its salts, 651. 
1-Dimethylamino-3:3-diphenyl-2-methylheptan-4-one, and its 
hydrochloride, 654. 
6-Dimethylamino-4:4-diphenyl-2-methylheptan-3-one, and its 
nitrate, 652. 
6-Dimethylamino-4:4-diphenyl-2-methylhexan-3-one, and 
hydrobromide, 654. 
6-Dimethylamino-4:4-diphenyl-5-methylhexan-3-one. See iso- 
Amidone. 
5-Dimethylamino-3:3-diphenyl-4-methylpentan-2-one, and its 
derivatives, 653. 
3-Dimethylamino-1:1-diphenyl-2-methyl-n-propyl cyanide, and 
its derivatives, 651. 
2-Dimethylamino-4:4-diphenylnonan-5-one, and its salts, 652. 
7-Dimethylamino-5:5-diphenyloctan-4-one, and its salts, 651. 
5-Dimethylamino-3:3-diphenylpentan-2-one, and its ‘hydro- 
chloride, 654. 
SR ts Gairtene and its hydrochloride, 
53. 


its 


3-Dimethylamino-3:3-diphenylpropane methiodide, S 154. 
3-Dimethylamino-1:1-diphenylpropane-l-carboxylic acid, and 
its derivatives, 507. 


3-Dimethylamino-1:1-diphenylpropan-l-ol, and its hydro- 
chloride, S 148, 149. 
3-Dimethylamino-1:1-diphenylprop-l-ene, and its hydro- 


chloride, 8 151. 
methiodide, 8 152. 
3-Dimethylamino-1:1-diphenyl-n-propyl cyanide, and its salts, 
654 


: acid, and its derivatives, 
53 


3339. 
* #-dichloro-, and 





4-Dimethylamino-4’-ethoxyb h 
3-8-Dimethylaminoethylaminoquinoxaline, 

its picrate, 1269. 
1-(2’-Dimethylaminoethy] )cyclohex-1-en-3-one 

oxalate, 713. 
4-(2’-Dimethylaminoethyl)cyclohex-3-en-2-one-1-carboxylic 

acid, ethyl ester, salts, 713. 
m-(2-Dimethylaminoethyl)phenol, and iodo-, 713. 
4-Dimethylamino-4’-ethylthiobenzophenone, 3339. 
2-Dimethylaminofiuorene, 3-nitro-, 2021. 
cis-p-Dimethylamino-a-(2-fluorenyl)cinnamic acid, 657. 
SNe mee a ame acid, ethyl ester, _ 
4-Dimethylamino-4’-cyclohexyloxy 3339 

‘acid, 


5-Dimethylamino-3-ketoamylmalonic 
hydrogen oxalate, 713. 
1-(5’-Dimethylamino-3’-ketoamy!)cyclopentan-2-one-1-carb- 
oxylic acid, ethyl] ester, and its salts, 712. 
Dimethylaminomalonic acid, diethyl ester, 550. 
4-Dimethylamino-4’-methoxybenzophenone, 3339. 
2-Dimethylamino-5-p-methoxyphenyl-1:3:4-thiadiazole, 1166. 
2-Dimethylamino-2-methylpropane, 1:3-dichloro-, and _ its 
picrate, 550. 
ees opane-1:3-diol, and its picrate, 


hydrogen 





ethyl ester, 
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4-Dimethylamino-4’-methylthiobenzophenone, 3339. 
2-p-Dimethylaminophenylbenzoxazole, 2972. 
1-p-Dimethylaminophenyl-2:5-dimethylpyrrole, 2885. 
2-(4’-Dimethylaminophenyl)ethylene, 1-nitro-, 768. 
1-(4’-Dimethylaminopheny])-3-methyl-4-azafluorenone-2-carb- 
oxylic acid, 1-3’-nitro-, ethyl ester, 2138. 
1-p-Dimethylaminophenyl-3-methyl-1:4-dihydro-4-azafluor- 
enone-2-carboxylic acid, and 1-2’-nitro-, ethyl esters, 2137. 
1-(4’-Dimethylaminopheny])-3-methyl-1:4-dihydro-4-aza- 
a acid, and 1-3’-nitro-, ethyl esters, 
4-Dimethylamino-2-phenyl-6-methyl-3-pyridazone, 2548. 
1-(4’-Dimethylaminophenyl)propylene, 2-nitro-, 768. 
2-Dimethylamino-5-phenyl-1:3:4-thiadiazole, 1166. 
1-Dimethylaminopropane, 2-chloro-, and its hydrochloride, 
651 


2-Dimethylaminopropane, 1-chloro-, and its hydrochloride, 
650. 


2-Dimethylaminopropan-1l-ol, preparation of, 514. 
B-Dimethylaminopropionic acid, ethy] ester, S 146. 
4-Dimethylamino-4’-propoxybenzophenones, 3339. 
4-Dimethylamino-2-2’-pyridyl-6-methyl-3-pyridazone, 2549. 
2-Dimethylaminopyrimidine, 4:6-diamino-, 4-amino-6-hydr- 
oxy-, and 4:6-diamino-6-hydroxy-, 2494. 
trans-2-p-Dimethylaminostyrylfluorene, 658. 
2-p-Dimethylaminostyryl-2’-methyl-4:4'-dipyridyl 1-ethiodide, 
1-methiodide, and 1-methochloride, 8.119. 
metho-salts, S 120. 
2-4’-Dimethylaminostyrylquinoline, 4-amino-, 1805. 
2-Dimethylamino-§-thiotormamidopyrimidine, 4:6-diamino-, 


5-Dimethylamino-1:3:3-triphenylhexan-2-one, and its hydro- 
chloride, 652. 
2:4-Dimethyl-l-amylbenzene, 3197. 
Dimethylaniline, dipole moments of, in benzene and 1:4- 
dioxan, 753. 
Dimethylaniline, 2:4:6-tribromo-, dipole moment of, 2663. 
3:5-dinitro-, 2788. 
p-nitroso-, reaction of, with 1:3-diphenylisobenzfuran, 256. 
Di-N-methylanilinoethylamine, 2830. 
3:3’-Dimethyl-9:9’-anthrapinacol, 2691. 
0O-Dimethylaromoline dimethiodide, 2773. 
0O-Dimethylaromolinemethine dimethiodide, 2773. 
en and its isethionate, 


1:3-Dimethyl-2-azafluorene picrate, 2130. 

1:3-Dimethyl-2-azafluorene, 9-amino-, and its derivatives, 
7(?):9-diamino-, diacetyl derivative, and 7(?)-nitro-9-amino-, 
9-acetyl derivative, 2130, 2131. 

i 3-Dimethyl-2-azafiuoren-8-ol, and its picrate, 2130. 

1:3-Dimethyl-2 » synthesis and derivatives of, 
2128. 

1:3-Dimethyl 2 fi 
7-hydroxy-, 2133. 

1:3-Dimethyl-2-azahexahydrofluorene, 2130. 

Dimethylbenzacridines, and their picrates, 673. 

2:3-Dimethylbenzaldehyde, 4:6-dihydroxy-, derivatives of, 
3039, 3040. 

Se eae, 2:6-dihydroxy-, and its derivatives, 
3 


5:5-Dimethyl-2-benzamidocyanomethylthiazoline-4-carboxylic 
acid, methyl ester, 3233. 

2:7-Dimethyl-4:5-b 
2962. 

4:4-Dimethylbenzhydrylnitroamine, 1885. 

1:2-Dimethylbenziminazole, and its picrate, 1398. 

2:3-Dimethylbenzoic acid, 4:6-dihydroxy-, and its methy] ester, 
and its derivatives, 3040. 

pp’-Dimethylbenzophenone, and its derivatives, 520. 

1-(2:3-Dimethylbenzoyl)-f-carboline, 491. 

3:5-Dimethylbenzylidenebisacetoacetic acid, ethyl ester, 3180. 

3:3-Dimethylbutanol, esters of, 2722. 

Dimethyl-n-butyl-3:3-diphenyl-3-hydroxypropylammonium 
bromide, S 150. 

2:2-Dimethyl-4-n-butyl-1:3-dithiolan, 622. 

4:5-Dimethyl-3-n-butylthiazole-2-thione, 788. 

B8-Dimethylbutyric acid, p-bromo-, and its ethyl ester, and 
y-fluoro-, ethyl ester, 2747. 

B8-Dimethyl-y-butyrolactone, preparation of, 2747. 

1:8-Dimethylcarbazole, and its picrate, 1388. 
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§:5-Dimethyl-2-a-carbethoxyethylthiazoline-4-carboxylic acid, 
methy] ester, 3224. 
5:5-Dimethyl-2-a-carbethoxy-c-hydroxyethyl-A*-thiazoline-4- 
carboxylic acid, methy] ester, 3224. 
5:5-Dimethyl-2-p-chlorobenzeneazocarbethoxymethylthi- 
azoline-4-carboxylic acid, methy] ester, 3224. 
4:4-Dimethyl-1-2’-chloroethylpiperazinium salts, 2300. 
6:7-Dimethyleinnoline, 3-chloro-4-hydroxy-, and 4- hydroxy-, 
and their acetyl derivatives, 2402. 
0-Dimethylcitromycin, degradation of, 848. 
oxidation of methylene groups in compound analogous to, 
7. 


O-Dimethylcitromycinol, 856, 1570. 

O-Dimethylcitromycinone, and its derivatives, 855. 

5:5-Dimethyl-2-cyanomethylene-3-2’-cyano-1’-ethoxyvinyl- 
thiazolidine-4-carboxylic acid, methyl] ester, 3232. 


5:5-Dimethyl-2-cyanomethylthiazolidine-4-carboxylic acid, 
methyl ester, 3232. 

5:5-Dimethyl-2-cyanomethylthiazoline-4-carboxylic acid, 
methy] ester, 3232. 


ON-Dimethyldaphnandrine dimethiodide, 2771. 
ON-Dimethyldaphnandrinemethine dimethiodide, 2771. 
3:5-Dimethyl-2-deoxy-L-ribofuranose, 2840. 

3:4- and 3:5-Dimethyl 2-deoxy-1-ribonolactones, 2840, 2841. 
3:4-Dimethyl 2-deoxy-1-ribopyranose, 2840. 
3:3’-Dimethyl-9:9’-dianthryl, 2691. 

— N’-di-(2-chloroethyl)-oo’-diaminodiphenyl, 


2:5-Dimethyl-2:5-di-n-hexyltetrahydrofuran, 3370. 
10:10-Dimethyl-9:10-dihydroarsanthridinium iodide, 2893. 
ESA apeaeteen SiS -cansantee, 7-nitroso-, 
O-Dimethyldihydrocitrinin, 875. 
5:8-Dimethyl-3:4-dihydro-1:1’-dinaphthyl, 2692. 
2:4-Dimethyl-1:2(?1:4-3:4)-dihydrofluoranthene, 634. 
2:4-Dimethyl-1:2(?)-dihydrofluoranthene, and its 2:4:7-tri- 
nitrofluorenone complex, 2185. 
2:2-Dimethyldihydroglyoxaline, 4-mercapto-, and its deriv- 
atives, 1062. 
3:6-Dimethyl-5:6-dihydro-2-pyrone, 4-hydroxy-, 1422. 
3:4-Dimethyl-1:2-dihydrothiazole-2-thione, 1505. 
Nl] — N’-di-(2-hydroxyethyl)-00’-diaminodiphenyl, 
gee age 5’-dimethoxy-2’-methylphenyl)ethylamine, and 
its salts, 2019. 
4:4-Dimetiyi-1-2’-dimethylaminoethylpiperazinium salts, 2300. 
5:5-Dimethyl-5:5-dimethyl-A?-thiazoline-4-carboxylic acid, 2- 
chloro-, methyl ester, 2369. 
2’:2’’-Dimethyl-1:6-diphenoxyhexane, 4’:4’’-dibromo-, 644. 
4:4” dicyano-, 645. 
2’:2’’-Dimethyl-1:5-diphenoxypentane, 
4’:4” dicyano-, 645. 
4:4’-Dimethyldiphenyl ether, 2:6-dinitro-, S 197. 
Dimethyldiisopropylsilane, 2759. 
2:2’-Dimethyl-4:4’ a. — dyes from, § 115. 
eth- and meth-iodides, 8 118. 
Dimethyldithiocarbamic acid, methyl ester, spectrum of, 
absorption, and structure, 401. 
1:3-Dimethyl-2:4-dithiohydantoin, 2181. 
12:18-Dimethyldocosa-1:12:18-triene, 1543. 
12:15-Dimethyldocosoic acid, and its acetol ester semicarb- 
azone, 1545. 
2:5-Dimethyl-1-n-dodecylpyrrole, 2884. 
11:14-Dimethyleicos-1-en-11-ol, 1544. 
10:13-Dimethyleicos-10-enyl bromide, 1548. 
Dimethylethyl-3:3-diphenyl-3-hydroxypropylammonium 
iodide, S 150. 
Dimethylethylfiuorosilane, 2760. 
NN-Dimethyl-S-ethylisothiourea hydrobromide, 1744. 
2:2-Dimethyl-l-ethynylcyclohexanol, and its 3:5-dinitro- 
benzoate, 2027. 
6:6-Dimethyl-1-ethynylcyclohex-1l-ene, 2026. 
2:4-Dimethylfluoranthene, synthesis of, 2182. 
2:4:7-trinitrofluorenone complex, 2185. 
10:13-Dimethylfluoranthene, 1558. 
10:13-Dimethylfluoranthene-11:12-dicarboxylic anhydride, 1558. 
3:4-Dimethyl fructose, analysis of mixtures of, with tri- and 
tetra-methyl fructoses, 2522. 
8B-Dimethyiglutaric acid, silver salt, preparation of, 2746, 
Dimethylglycidic acid, methy] ester, 2575. 


4’:4’-dibromo-, and 
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11:15-Dimethylheneicos-1-en-11-ol, 1545. 
(1: ee ee acid, 


7:10-Dimethylhexadeca-5:11-diyne-7: eo. 3370. 
7:10-Dimethylhexadecane-7:10-diol, 3370 
1:2-Dimethylhexamethyleneimine, and its salts, 2097. 
3:5-Dimethylhexane-1:3:5-tricarboxylic acid, and its triethyl 
ester, 194. 
3:5-Dimethylcyclohex-2-enone, dipole moments of, 2962. 
4-(6’:6’-Dimethylcyclohex-1’-enyl)but-3-en-2-one, and its deriv- 
atives, 2030. 
4-(6’:6’-Dimethylcyclohex-1’-enyl)but-3-yn-2-one, and its deriv- 
atives, 2030. 
8-(6’:6’-Dimethylcyclohex-1’-enyl)-2:6-dimethylocta-1:3:5-trien- 
7-yne-1-carboxylic acid, 2027. 
1-(6’:6’-Dimethylcyclohex-1’-enyl)-3-methylocta-4:6-dien-1-yn- 
3-ol, 2027. 
8-(6’:6’-Dimethylcyclohex-1’-enyl)-6-methylocta-3:5-dien-7-yn- 
2-ol, 2027. 
8-(6:6-Dimethylcyclohex-1-enyl)-6-methylocta-3:5-dien-7-yn- 
2-one, 3125. 
8-(6’:6’-Dimethylcyclohex-1’-enyl)-6-methylocta-3:5-dien-7-yn- 
2-one, and its derivatives, 2027. 
5-(6:6-Dimethylcyclohex-1-enyl)-3-methylpent-2-en-4-yn-1-al, 
and its derivatives, 3125. 
5-(6:6-Dimethylcyclohex-1-enyl)-3-methylpent-1-en-4-yn-3-ol, 
1-chloro-, 3125. 
5:5-Dimethyl-2-n-hexoamidocyanomethylthiazoline-4-carb- 
oxylic acid, 3235. 
ag “apenas eminence and its semicarbazone, 


ethyl ester, 


on: oy -Dtanathgtayelehengl)-G-cnatintesian-4-en0, and its 2:4- 
dinitrophenylsemicarbazone, 2027. 
2:5-Dimethyl-1-n-hexylpyrrole, 2884. 
aa-Dimethylhomoterephthalic acid, 45. 
Dimethyl-2-(5’-hydroxy-3’-methoxy-2’-methylpheny. \ethyl- 
amine, and its salts, 2019. 
3:5-Dimethyl-4-hydroxymethylanisole, 626. 
5:7-Dimethylindan-1-one-3-acetic acid, 3181. 
2:3-Dimethylindole, 5:6-dihydroxy-, 2066. 
4-nitro-, 798. 
2:3-Dimethylindoles, Bz-nitro-, 
aminoacetophenones, 796. 
1:2-Dimethylindolo(3’:2’-3:4)isoquinolinium 
hydrate, 2913. 
Dimethyl-5-iodo-3-methylpent-3-enylsulphonium iodide, 2754. 
Dimethylmalonyl chloride, condensations with, 1966. 
Dimethylmercury, catalytic toxicity of, 2173. 
preparation of, 75. 
3:5-Dimethyl a8-methyl-2-deoxy-L-ribofuranoside, 2840. 
3:4-Dimethyl §-methyl-2-deoxy-t-ribopyranoside, 2839. 
2-(2:6-Dimethylmorpholino)ethanol, 503. 
2-(2:6-Dimethylmorpholino)ethyl chloride, and its hydro- 
chloride, 504. 
1:3-Dimethylnaphthalene, synthesis of, 3194. 
3:7-Dimethylnon-2-enoic acid, 3351. 
4:8-Dimethylnon-7-en-1-yn-4-ol, 2698. 
2:5-Dimethyl-1-n-octadecylpyrrole, 2884. 
3:6-Dimethylocta-1:7-dien-4-yn-3:6-diol, 
1434. 


9:10-Dimethyl-s-octahydroanthracene, 172. 

9: 10-Dimethyl-s-octahydrophenanthrene, 2048. 

3:7-Dimethyl-1:2:3:4:6:7:8:9-octahydrop leni 
dione, 10-oxide, 277. 

een eae 
iodide, 1506. 

5: po pe lr peng ry ~~ enamel 
oxylic acid, methy] ester, 1-oxide, 3226. 

2:4-Dimethylpentane-1:2:4-tricarboxylic acid, 194. 

3:3-Dimethylpentanol, esters of, 2722. 

4:4-Dimethylpentan-2-one 2:4-dinitrophenylhydrazone, 2632, 


3000. 
2:2-Dimethylcyclopentan-1-one-4-carboxylic acid, ethyl ester, 
semicarbazone, 196. 
2’:3’-Dimethyl-1:2-cyclopentenoph 
atives, 837. 
9:10-Dimethylphenanthridinium chloride, 1940. 
3:5-Dimeth7Iphenol, nuclear methylation of, 624. 
5:5-Dimethyl-2-(1-phenylacetamido-1-carbamylmethylene)- 
thiazolidine-4-carboxylic acid, methyl] ester, 3234. 


oxidation of, to nitro-2- 
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5:5-Dimethyl-2-phenylacetamidocarbethoxymethylenethiazol- 
idine-4-carboxylic acid, methy] ester, 1-oxide, 3226. 

5:5-Dimethyl-2-phenylacetamidocyanomethylthiazolidine-4- 
carboxylic acid, methyl ester, and its hydrochloride, 3233. 

5:5-Dimethyl-2-phenylacetamidocyanomethylthiazoline-4-carb - 

oxylic acid, 3234. 

methyl ester, 3233. 

2-(2:4-Dimethylphenyl)butane, 2-3:5-dihydroxy-, 878. 

2-(2:6-Dimethylphenyl)butane, 2-3:5-dihydroxy-, and its di-p- 
nitrobenzoate, 876. 

3-(2:4-Dimethylphenyl)butan-2-ol, 3-3:5-dihydroxy-, and its 
di-p-nitrobenzoate, 877. 

B-3: 5-Dimethylphenylglutaric acid, 3180. 

Dimethyl( phenylisopropyl)-3:3-diphenyl-3-hydroxypropyl- 
ammonium iodide, S 150. 

a oa chloride and iodide, hydrolysis of, 
2415 

Dimethyl-n-propyl-3:3-diphenyl-3-hydroxypropylammonium 
bromide, 8S 150. 

Dimethyl isopropylidene aldehydoxylose, 556. 

2:4-Dimethyl 3:5-isopropylidene D-xylose diethyl mercaptal, 
556. 


4:5-Dimethyl-3-isopropylthiazole-2-thione, 788. 

5:5-Dimethyl-2-isopropylthiazolidine-4-carboxylic acids, methyl 
esters, hydrochlorides, 2360. 

1:2-Di-(4’-methyl-3’-isopropyl-2’-thion-5’-thiazolyl)ethane, 788. 

ON-Dimethyl-N -isopropylisourea, 1737. 

2:5-Dimethylpyrazir.e, 3-chloro-6-cyano-, 3:6-dicyano-, and 
3-hydroxy-6-cyano-, 1366. 

Di-(6-methyl-3-pyridazy!) disulphide, 2068. 

2-[m-(2:5-Dimethyl-1-pyrryl)phenyl]cinchoninic acid, 2886. 

2-[ p-(2:5-Dimethyl-1-pyrryl)phenyl]-3-methylcinchuninic acid, 
and 6-bromo-, 2886. 

2-[ p-(2: 5-Dimethyl-1-pyrryl)phenyl)-2-methylquinoline, 2886. 

2-[ m~-(2:5-Dimethyl-1-pyrryl)quinoline], 2 

2:5- and 2:7-Dimethylquinolines, Pm a of mixtures of, 
2661. 

[2-(1:6-Dimethylquinoline) } pas 2’-dimethyl-4:4’-dipyridyl) ]- 
trimethincyanine iodide, 0. 

2:4-Dimethylresorcinol, oe 

4:5-Dimethylresorcinol, derivatives of, 3038. 

aa-Dimethylstearic acid, and its acetol semicarbazone, 1547. 

4:8-Dimethylsulphonyl-1-naphthol, and its methyl ether, 2152. 

3:7-Dimethyl-1:3:5:7-tetra-azacyclooctane, 1:5-dinitro-, 1639. 

7:8-Dimethyltetradeca-5:9-diyne-7:8-diol, 3369. 

7:8-Dimethyltetradecane-7:8-diol, 3369. 

1:8-Dimethyl-1:2:3:4-tetrahydrocarbazole, and its picrate, 1388. 

8:11-Dimethyl-1:2:3:4-tetrahydrocarbazolenine, and its picrate, 
1388. 





2:4-Dimethyl-1:2:3:4-tetrahydrofluoranthene, 634. 

10:13-Dimethyl-10:11:12:13-tetrahydrofluoranthene-11:12-di- 
carboxylic acid, and its derivatives, 1558. 

1:3-Dimethyl-1:2:3:4-tetrahydronaphthalene, 1-hydroxy-, 3198. 

4:8-Dimethyl-1:2:3:4-tetrahydro-2-naphthoic acid, 2187. 

2:5-Dimethyl-1:2:3:4-tetrahydro-1:2-cyclopentenonaphthalene-c, 
3’:6-dihydroxy-, 1868. 

1:4-Dimethyl-1:2:3:4-tetrahydro-1:4:9:10-tetra-aza-anthracene, 
6-chloro-, and its picrate, 1270. 

2:6-Dimethyltetrahydrothioxine 4:4-dioxide, 2437. 

<< henenteenen acid, 

2:4-Dimethyl-1:2:3:4-tetramethylfluoranthene, 2185. 
yy-Dimethyltetronic acid. See 3-Methylbut-1-ene-2:3-diol-1- 
carboxylic acid. 

[8: eg gl :6-dimethyl-2-quinoline|methincyanine 

ide, 

[3:4-Dimethylthiazole ][3-methylbenzthiazole}methincyanine 
bromide, 1506. 

5:5-Dimethylthiazolidine-2:4-dicarboxylic acid, 3220. 
dimethyl ester, and its hydrochloride, 2353. 

5:5-Dimethylthiazolid-2-one-4-carvoxylic acid, and its methyl 
ester, 2369. 

5:5-Dimethylthiazoline-4-carboxylic acid, 2-mercapto-, and its 
esters, 2369. 

4:4’-Dimethylthiob h 3339. 

2:2’ -Dimethylthiodiethy! ketone methiodide, 718. 

2:8-Dimethylthio-8-methylpurine, 6-amino-, and its picrate, 





3005. 
ee ae, 6-amino-, and its picrate, 
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NN’-Dimethylthi id tonitrile, 2345. 
00’-Di-( N-methyltoluene-p-sulphonamido)diphenyl, 1981. 
2:12-Dimethyltricosoic acid, and its acetol ester 2:4-dinitro- 
phenylsemicarbazone, 1544. 
12:15-Dimethyltricosoic acid, 1547. 
12:16-Dimethyltricosoic acid, and its acetol ester 2:4-dinitro- 
henylsemicarbazone, 1545. 
NN-Dimethyl-2:4:6-trimethylbenzylamine hydrochloride, 2705. 
1:8-Dimethylxanthine, 1074. 
1:9-Dimethylisoxanthine, synthesis of, 1069. 
Dimethyl xylose diethyl mercaptal, 556. 
2:7-Dimorpholino-octa-3:5-diyne, and its salts, 785. 
Dinaphthobisspiro-2-pyrans, thermotropy of, 2088. 
Dinaphthopyrenes, synthesis of, 2013. 
Dinaphthopyrenequinones, 2016. 
1:1’-Dinaphthyl disulphide, 5:5’-dinitro-, 1189. 
2:2’-Dinaphthyl disu a 7:7’-dinitro-, 1189. 
Di-2-naphthylcobalt di-bromide and -iodide, 2281. 
1:1’-Dinaphthylmethane, 2-amino-2’-hydroxy-, 
atives, 2671. 
1:1’-Dinaphthylmethane-2-carboxylic acid, 846. 
N’N”-Di-8-naphthyl-N-spiropiperazinium chloride, 2834. 
1:2-Di-(4-8-naphthylpiperazino)ethane, 2833. 
Di-1-naphthylurea, di-2- and -4-hydroxy-, 2294. 
Dinitrogen tetroxide, addition of, to olefins, 2627. 
liquid, as solvent system, S 211, 218. 
reactions of, 3137. 
2s Snes nes acid, ethyl ester, 
172. 





acyl deriv- 


(+)-Di-2-octyl sulphite, reactions of halogens with, 2686. 

2-Di-n-octylaminoethanol, and its chloride hydrochloride, 2682. 

Di-n-octyl-2-(2:4:6-irichlorophenoxy)ethylamine, and its 
reineckate, 2681, 2682. 

1:3-Dioxaindane, dipole moments of, and of its 5:6-dibromo- 
and 5-nitro-derivatives, 1524. 

Dioxan, dipole moment of, 202. 
equilibrium of, with aniline and benzene, 2781. 
intervalency angles of oxygen and sulphur in, 199. 

1:4-Dioxatetralin, dipole moments of, and of its 6:7-dibromo- 
and 6-nitro-derivatives, 1524. 

1:3-Di-(p-2’-oxazoli —_ y)propane, 2686. 








10: 17-Dioxysparteine, 66 

2:5-Dicyclopentylidenecyclopent: dipole moments of, 
2962. 

Diphellandryl ether, 351. 

as a aearepnneedieeenae acid, and its methyl ester, 
172 

4:4’- Dip h yb h 3339. 





Di-£-phenoxyethylamine, 2829. 

1:6-Di 2’:2’’-dichloro-, 2’-iodo-, and 2’:2’’-di- 
ledio-4s 4” dicyenc : 344. 

1:5-Diphenoxypentane, 2’-bromo-, 2’:2’’-dibromo-, 2’:2’’-di- 
chloro-, 2-iodo-, 2’:2’’-diiodo-, and 2’:2’’-dinitro-4:4”’-di- 
cyano-, 


1: 4-Diphenoxycyclopent-2-ene, 3278. 
1:3-Diphenoxypropane, 2’-bromo-, 2’:2’-dibromo-, 2:2’’-di- 
fluoro-, 2’:2’’- and 2’:6’-diiodo-, and 2’-nitro-4:4’-dicyano-, 
644, 
Diphenyl, 5-chloro-4’-nitro-2-amino-, and its 2-acetyl deriv- 
ative, 704 
Diphenyl ether s-tritsocyanate, 1754. 
ether, 2-amino-, 2:2’-diamino-, 2-bromo-, 2-chloro-, 2-hydr- 
oxy-, 2-iodo-, 2:2’-diiodo-, 2-nitro- and 2:2’-dinitro-4:4’- 
dicyano-, 645. 
8-triamino-, 1753. 
2:4:6-trichloro-, chloroplatinate, S 199. 
— spectrum of, absorption, and structure, 391], 





sulphide, 2-bromo-4:4’-dinitro-, 2-mono- and 2:2’-di-chloro- 
4:4’-dinitro-, 2-mono- and 2: 2’-di-iodo-4:4’-dinitro-, and 
4:4’-dinitro-2-hydroxy-, 2-acetyl derivative, 1992. 

disulphide, thermal decomposition of, 891. 

disulphide, 2:2’-diamino-, 2:2’-diamino-5:5’-dicyano- and 

5:5’-dinitro-, 361. 

di-p-amino-, and di- -p-cyano-, preparation of, 3434. 

di- and tetra- sulphides, spectra ‘of, ahonstion,2 and structure, 
397. 


ap yee formation of, from thiophen-2-sulphony] chloride 
and phen ylmagnesium bromide, 258. 
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a "rae ime dihydrochloride, 
1: api p-N-phenylamidinophenoxy)ethane dihydrochloride, 


1:6-Di-(p-N-phenylamidinophenoxy)hexane, 2685. 
1:5-Di-(p-N-: henylamidinophenoxy)pentane, 2685. 
1:3-Di-(p-N-phenylamidinophenoxy)propane, 1:3-di-p-N-p’- 
chloro-, and its salts, 2685. 

1:3-di-p-N-p’-hydroxy-, dibenzenesulphonate, 2685. 
Diphenylamine, cyanoethylation of, 67. 
Diphenylamine, 4-chloro-4’-nitro-, 231. 
Diphenylamine-2’-carboxylic acid, 2:4:4’-trinitro-, 1010. 
as ” imate teense etre 


Ret nent rae lt er cl 
nzthiazoline) |-8-anilomethyldimethinmerocyanine, 1123. 
[619 Dighonylerstan 4-hete i telasolins) V8 5-chloro-3-ethyl- 
bensthiasoline) J B-methin-5’ ng l—cemaae -keto-A*”’- 
thiazoline 1122. 


§-Dishenylaminageeplonte ¢ acid, 70. 
Diphenylarsine, 0-amino-, preparation of, 72. 
8-Diphenylarsinopropiony! chloride, 71. 
———— acid, o-iodo-, and its S-benzylthiuronium 
salt 
NN-Diphenylbenzamidine, and its picrate, 452. 
1:3-Diphenylisobenzfuran, S 85. 
action of aromatic nitroso-compounds on, 256. 
2: cutee ae dipole moments of, 


2 
Diphenylbenzidine-violet, preparation of, 1231. 
Diphenyl-2-benzoylethylarsine, and its derivatives, 71. 
Diphenylbenzylcarbinol, di-p-hydroxy-, di-p-benzyl deriv- 
ative, 443. 
1:1-Diphenyl-2:2-bis-4-bromophenylethylene, 87. 
2-Diphenylbiuret, 2295. 
2:4-Diphenylbutanol, and its 3:5-dinitrobenzoate, 795. 
4:4-Diphenylbut-3-en-2-one 2:4-dinitrophenylhydrazone, 2699. 
1:1-Diphenylbut-3-enyl cyanide, 516. 
1:1-Diphenylbut-3-enyl c ate 3-bromo-, 518. 
1:1-Diphenylbutyl cyanide, 4-bromo-, 506. 
3:4-dibromo-, 3- chloro-, and 3:4-dichloro-, 517, 518. 
1:1-Diphenylisobutyl cyanide, 3-chloro-, 516. 
1:1-Diphenylbut-3-yn-1-ol, 2699 
1:3-Diphenylbut-1-yn-3-ol, 794. 
1:3-Diphenylbut-1-yn-4-ol, and its derivatives, 795. 
1:4-Diphenylbut-1-yn-3-ol, and its derivatives, 794. 
aa-Diphenyl-y-butyrolactone, 517. 
Diphenyl-2-carboxyethylarsine oxide, and its S-benzylthi- 
uronium salt, 71. 
sulphide, 72. 
eee Oa, and its 
salts, 71. 
Diphenyl-2-carboxy-n-propylarsine oxide, 71. 
Diphenylchloroarsine, reaction of, with diazomethane, 2895. 
Diphenyl-p-chlorobenzylcarbinol, and di-p-bromo-, di-p-chloro-, 
and di-p-iodo-, 440. 
Diphenylcobalt dibromide, 2282. 
Diphenyl-2-cyanoethylamine, 70. 
Diphenyldiacetylene, 2:2’-diamino-, preparation and tetrazotis- 
ation of, 2398. 
Diphenyldiazomethane, action of, on nitro-anils, 234. 
1:3-Diphenyl-1:4-dihydro-4-azafluorenone, 2-cyano-, 2138. 
a ~ apnea temas 7-nitroso-, 


1:2-Diphenyl-4:5-dihydroglyoxaline, and its salts, 1310. 

4:5-Diphenyl-4:5-dihydro-1:2:4-triazole, 4-p-nitro-5-p-bromo- 
and 4:5-dinitro- derivatives, 235, 236. 

a ae iodide, 


NN’-Diphenyl-N N’-dimethylbenzamidinium iodide, 3325. 

N’N’-Diphenyl-N N-dimethylbenzamidinium iodide, 3325. 

N':N1-Diphenyl-N*:N*°-dimethyldiguanide, and its hydro- 
chloride, 104. 

N1:N5-Diphenyl-N':N*-dimethyldiguanide, 104. 

1:1-Diphenyl-3-(2:6-dimethylmorpholino)propyl cyanide, 505. 

1:1-Diphenyl-3-(2:6-dimethylpiperidino)propyl cyanide hydro- 
chloride, 506. 

3:3-Diphenyl-1:4-dimethylpyrrolid-2-one, 654. 

3:3-Diphenyl-1:5-dimethylpyrrolid-2-one, 653. 

1:1-Diphenyl-3:4-dimorpholinobutyl cyanide, 518. 











3477 


2: ~ a, 5-di-( p-nitrophenyl )-1:2-dihydro-1:3:4-triazine, 


1:5 Dighenylothane, Friedel-Crafts reaction with succinic 
anhydride and, 257. 

Diphenylethylenes, bond order in, 2805. 

2:2-Diphenyl-3-ethylphenanthro-9’:10’-5:6-dioxen, S 85. 

N':N*-Diphenyl-N‘-ethyl-N*-isopropyldiguanide, N?:N?-di-p- 
chloro-, 481. 

3:3-Diphenyl-1-ethylpyrrolid-2-one, 510. 

2:4-Diphenylfluoranthene, and its picrate, 54. 

1:3-Diphenyl-1-fluorenylidenepropane, 54. 

1:3-Diphenyl-1-9’-fluorenylpropane, 54. 

1:3-Diphenyl-3-9’-fluorenylpropanol, and its 3:5-dinitrobenzoy] 
derivative, 54. 

aB-Diphenylglutaric anhydride, cyclisation of, 1084. 

2:5-Diphenylglyoxaline, 4-amino-, and its picrate, 1073. 


N. pa -Diphenylguanyl)-N’’ ~isopropyithioures, N-NN’-di-p- 
oro-, 481. 
4: 5-Diphenyl y loh 1:3-dione dioxime, 276. 





Di-5-phenylhydantoin 4-disulphide, 1446. 
1-Diphenylindole, 3-nitroso-, 2906. 
1:2-Diphenylindole, 2906. 
ee 3-amino-, and its derivatives, 2907, 
8. 
3-oximino-, and its derivatives, 2910. 
[1:2-Diphenyl-3-indole ][1-methyl-2-quinoline]-c-azadimethin- 
cyanine salts, 2908. 
1:1’-Diphenylindole(3’:2’-3:4)isoquinoline hydrochloride, 2913. 
NN’-Diphenylmalonamidine benzenesulphonate, 453. 
Diphenyimethane, ‘reaction of, with chromium trioxide, 
599. 


ener salts, 3337, 


N : wy F.Dishenstal? 5.methyldiguanide, N1-p-bromo-, 106. 
1:5-Diphenyl-4-methyl-4-isodithiobiuret, 1:5-di-p- chloro-, 1742. 
1:1-Diphenyl-3-(2-methylmorpholino)propyl cyanide, 506. 
NN’-Diphenyl-N-methyl-p-nitrobenzamidine, 3325. 
2:2-Diphenyl-5-methyloxazolid-4-one, 2636. 
1:1-Diphenyl-3-(methylpiperidino)propyl cyanides, and their 
hydrochlorides, 506. 
3:3-Diphenyl-1-methylpyrrolid-2-one, 507. 
1:5-Diphenyl-4-methyl-4-iso-2-thiobiuret, 1:5-di-p-chloro-, 1745. 
1:5-Diphenyl-4-methyl-4-iso-4-thiobiuret, 1:5-di-p-chloro-, 1745. 
1:2-Diphenyl-2-p-methylthiophenylethane, 2-hydroxy-, 353. 
et aS ene oe mame ener mag 1-bromo-, 354. 
1:1-Diphenyl-5-morpholinoamyl c — 507. 
1:1-Diphenyl-3-morpholino-n- and -iso-butyl cyanides, 515. 
1:1-Diphenyl-4-morpholinobutyl cyanide hydrochloride, 506. 
4:4-Diphenyl-6-morpholinoheptan-3-one, and its salts, 516. 
4:4-Diphenyl-6-morpholino-5-methylhexane, 3-imino-, and its 
dihydrochloride, 517. 
4:4-Diphenyl-6-morpholino-5-methylhexan-3-one, 
hydrochloride, 517. 
1:1-Diphenyl-3-morpholinopropane-1-carboxylic 
ester, and its hydrochloride, 507. 
1:1-Diphenyl-3-morpholinopropyl cyanide, 505. 
3:7-Diphenyl-1:2:3:4:6:7:8:9-octahydrop lenin-1:9- 
dione, 10-oxide, 277. 
NN’-Diphenyloxamide, N N’-di-(4-chloro-2-nitro)-, 1267. 
2:5-Diphenyloxazolid-4-one, 2636. 
2:5-Diphenyloxazole, and its picrate, 1029. 
N1:N1-Diphenyl-N*:N5-cyclopentamethylenediguanide, 104. 
1:5-Diphenylpent-2-yne-1:5-diol, 2699 
ee ree eee acid, ethy] ester, 


1:1-Diphenyl-3-piperidinopropan-1-ol, and its hydrobromide, 


- 1-Diphenyl-3-piperidinopropyl cyanide, 505. 
1:1-Diphenylpropane, 3-amino-, hydrochloride, 8 153. 

1:3-Diphenylpropane, 1- and 2-amino-, derivatives of, 1078. 

2:2-Diphenylpropane, dinitro-, 1949. 

1:1-Diphenylpropan-1-ol, 3-amino-, and its hydrochloride, 
8 148, 149. 

1:1-Diphenylprop-1-ene, 3-amino-, hydrochloride, 8 151. 

1:1-Diphenylpropyl cyanide, 3- bromo-, and 3-chloro-, 505. 

N?: *.N*-Diphenyl-Nisopropyldiguanide, and its hydrochloride, 


N i ‘NiDigheayt-¥ ‘.isopropyldiguanide, N}:N?-di-p-chloro-, 
acetate, 481. 
NN’-Di-a-phenylisopropylurea, 46. 


‘and sits 


acid, ethyl 
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2:5-Diphenylpyrazine, 3-amino-, 301. 
3:6-dichloro-, and 3-hydroxy-, 912. 
3-hydroxy-, formation of, from pi-phenylglycine anhydride, 
910. 


$:5-Diphenylpyrazine, 2-hydroxy-, 2711. 
2:5-Diphenylpyridazine hydrazone, S 35. 
1:1-Diphenyl-3-pyrrolidinopropyl cyanide, 505. 
Diphenylsuccinic acids, optically-active, silver salts, reaction of, 

with bromine, 2372. 

Diphenyl sulphone, and pp’-dibromo-, absorption spectra and 

structure of, 410. 

Diphenyl sulphone, 4:4’-diamino-, compounds related to, 178. 
nuclear-substituted derivatives of, 1991. 
4:4’-diamino-2-inydroxy-, and its sulphate, 2-bromo-4:4’- 
diamino- and -4:4’-dinitro-, 2-mono- and 2:2’-di-chloro- 
4:4’-diamino-, 2-chloro-4:4’-dinitro-, 2-mono- and 2:2’-di- 
iodo-4:4’-diamino- and -4;4’-dinitro-, and 4:4’-dinitro-2- 
hydroxy-, 1992, 1993. 

2:4’- and 4:4’-dihydroxy-, and their derivatives, 2854. 
4:8-Di(phenylsulphonyl)-1-naphthol, 2152. 
NC-Dighenylsydnone, 314. 

spectrum of, absorption ultra-violet, § 105. 
2:4-Diphenyl-1:2:3:4-tetrahydrofluoranthene, 54. 
2:8(or 4:6)-Diphenyl-3:3:7:7-tetramethyl-1:2:3:4:6:7:8:9-octa- 

hydrophenoxaselenin-1:9-dione 10-oxide, 277. 
2:2-Diphenylthiazolid-4-one, 2636. 

Di-2-phenylthioethylamine, 2829. 
1:1-Diphenyl-2-(5:3:7-trimethoxy-1-naphthyl)ethan-1-ol, 3276. 
1:1-Diphenyl-2-(6:7:8-trimethoxy-1-naphthyl)ethan-1-ol, 3277. 
Diphenylurea, di-4-bromo-, 2295. 
aa-Diphenyl-y-valerolactone, 517. 
N-2-Diphenylyl-1’-amidino-n-heptane, and 

sulphonate, 705. 
N-2-Diphenylylamidinocyclohexene, and its picrate, 705. 
N-2-Diphenylyl-1’-amidino-n-nonane, 705. 

N —_ and -3’-amidinopyridines, and their picrates, 
5. 


its toluene-p- 


2-Diphenylylammonium benzenesulphonate, and 5-chloro-4’- 
nitro-, 4-nitro-, and 4:4’-dinitro-, 704. 

N-2-Diphenylyl-p-anisamidine, N-2-4’-nitro-, and its picrate, 
705. 


2-Diphenylylarsinobis-( V-pentamethylenedithiourethane), 2897. 

Diphenylyl-2-arsonic acid, and its sodium salt, 2897. 

N-2-Diphenylylbenzamidine, and its salts, and N-2-4:4’-di- 
nitro-, 705. 

N-2-Diphenylyl-p-chlorobenzamidine, N-2-4’-nitro-, and its 
picrate, 705. 

ene o-N-pentamethylenedithiourethane, 


2-Diphenylylethylarsonous acid, and its derivatives, 2897. 
2-Diphenylylethylchloroarsine, 2898. 
N-2-Diphenylyl-p-methoxybenzamidine, and its picrate, 705. 
N-2-Diphenylyl-p-methylsulphopylbenzamidine, and N-2-4’- 
nitro-, and their picrates, 705. 
N-2-Diphenylyl-p-nitrobenzamidine, and N-2-4’-nitro-, and 
their salts, 705. 
Diphthaloylpyrenes, 2015. 
NN’-Di-( y-piperidinopropyl)oxamide, 1267. 
Dipole moment of aiazonaphthols and diazophenols, 2082. 
of sydnones, 746. 
of unsaturated aldehydes and ketones, 2957. 
4:4’-Dipropoxyb h 9. 
eet ieee wi eee Hr seme J ds tr 2685. 
Diisopropyl! fluorophosphonate, kinetics of hydrolysis of, 926. 
fluorophosphonate, di- 1:3-dichloro-, 638. 
a "eaten and its salts, S 153, 





3-Di-n-propylamino-1:1-diphenylpropan-1-ol, and its hydro- 
chloride, § 148, 149. 

Fe ante Eee, and its salts, S 151, 
152. 


3-Di-n-propylamino-1:1-diphenylpropy! cyanide, 505. 

2:7-Diisopropylamino-octa-3:5-diyne, and its salts, 785. 

2:7-Diisopropylamino-octane, and its dihydrochloride, 785. 

NN-Di-n-propyl-p-aminostilbene, N N-di-2-chloro-, and NN- 
di-2-hydroxy-, 1975. 

NN-Di-n-propylaniline, N N-di-3-bromo- and N N-di-3-chloro-, 

and their picrates, N N-di-3-hydroxy- and-di-3-iodo-, 1975. 

NN-di-2-chloro-, p-chloro-N N-di-2-chloro-, and p-chloro- 

NN-di-2-hydroxy-, 1975. 
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NN-Di-n-propyl-p-anisidine, NN -di-(2:3-dichloro)- and NN- 
di-3-chloro-2-hydroxy-, 1975. 

pp’ -Di-n-propylbenzophenone, and its derivatives, 520. 

Ditsopropyldifiuorosilane, 2759. 

1:2-3:4-Ditsopropylidene D-galactose, 6-toluene-p-sulphony] 
derivative, 2545. 

1:2-3:4-Diisopropylidene 6-iodo-6-deoxy-p-galactose, 2545. 

Diisopropylidene D-xylose diethylmercaptal, 555. 

Diisopropyldiiodosilane, 2763. 

Di-n-propyl-lead diacetate and dichloride, 925. 

pp’-Di a propylthi bh ph 443. 

Di-p-n-propylthiophenylbenzylcarbinol, 443. 

NS-Diisopropylisothiourea hydrobromide, 479. 

Dipyridinotrimethylplatinic iodide, 1169. 

2:2’-Dipyridyl dibromoaurate, 3074. 

2:2’-Dipyridyldibromoauric bromoaurate, 3074. 

2:2’-Dipyridyldiethylauric salts, 3072, 3073, 3074, 3078, 3079. 

aa’-Di-(2-pyridyl)glutaric acid, ethyl ester, and its picrate, 
664. 





2:2’-Dipyridyltin, tetra-bromo-, -chloro-, and -iodo-, 2920. 
2:2’-Dipyridyltrimethylplatinic iodide, 1169. 
Dipyridyltrimethylplatinic acetylacetone, 1170. 
aa’-Diquinolyl from decarboxylation of quinaldinic acid, 174. 
5:5’-Diquinolyl disulphide, 6:6’-diamino-, 361. 
NN’-Di-6’-quinolylthiourea, 1259. 
N. cee 
Dische reagent, 1222. 
Dissociation of salts in solution, reaction kinetics of, 362. 
Dissociation constants of p-alkoxybenzoic acids, 2466, 
of nitroamines, 1657. 
2:6-Distyrylpyridine, 4-amino-, 1806. 
Dithian, intervalency angles of oxygen and sulphur in, 199. 
Di-(2-thienyl) disulphoxide, 1666. 
Dithiobiurets, 1739. 
N-Dithiocarbobenzyloxy-DL-phenylalanine, 2374. 
N-Dithiocarbobenzyloxysarcosine, 2374. 
N-Dithiocarbomethoxy-N-methylami tonitrile, 2340. 
N-Dithiocarbomethoxy-N-methylglycine, 2339. 
N-Dithiocarbomethoxy-N-isopropylglycine, 2341. 
N-Dithiocarbo-m-nitrophenacyloxyglycine, 2374. 
N-Dithiocarboxyamino-acids, esters, reaction of thionyl 
chloride with, 2373. 
N-Dithiocarboxy-N-methylamin t pholide, 
inium salt, 2340. 
N-Dithiocarboxy-f-phenylalanine morpholide, morpholinium 
salt, 2327. 


NN’-di-2:6-dichloro-, 








morphol- 


N-Dithiocarboxyphenylglycine morpholide, morpholinium 
salt, 2327. 

1:4-Dithioerythritol, and its derivatives, 253. 

Dithiols, 244, 248. 

1:6-Dithiomannitol, 254. 


(Dithio-oxamido)tetraethyldigold, 435. 
1:4-Dithiothreitol, and its derivatives, 253. 
Dithioureidoaurous picrate and thiocyanate, 1840. 
Dithizone as a monobasic acid, 1847. 
studies with, 541. 
Di-p-toluenesulphonylbenzylamine, 2703. 
11:12-Di-p-toluoylfluoranthene, 1559. 
Ditolyl, monofluoro-, S 98. 
1:3-Di-(p-N -p’-tolylamidinophenoxy)propane, 2685. 
1’:4’-Di-p-tolyl-11:12-benzfluoranthene, 1559. 
1’:4’-D-p-tolyl-11:12-benzfluoranthene-2’:3’-dicarboxylic 
anhydride, 1559. 
2:5-Di-p-tolylfluorantheno(11’:12’-3:4)furan, 1559. 
1:1-Di-o-tolyl-3-morpholinopropyl cyanide, 505. 
4:8-Di-(p-tolylsulphonyl)-1-naphthol, and its methyl ether, 2152. 
Di-(3-p-tolylsulphonylprop-2-enyl) sulphide, 2204. 
Ditrityl methyl-p-arabofuranoside, 299. 
3:5-Ditrityl 2-methyl methyl-D-arabofuranoside, 300. 
Divinyl sulphone, preparation of, 1756. 
reactions of, 2433. 
Divinyl sulphone, mono-, di-, and tetra-bromo-derivatives, 
2437. 
Docosadienoic acid, from rape-seed oil, 8 94. 
Docosanic acid, 13:14-16:17-tetrabromo-, 8 95. 
bicyclo[5:5:0]Dodecatetraenecarboxylic acid, and its methyl 
ester, 2426. 
bicyclo[5:5:0]Dodecatrienecarboxylic acid, hydroxy-, acetyl 
derivative, ethyl ester, 2426. 
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bicyclo[5:5:0]Dodeca-2:4:7(1)-triene-<-carboxylic acid, 2424. 

Dowex 50, 3289. 

Droserone, synthesis of, 1277. 

Durylic acid, 3:6-dinitro-, ani its chloride, 641. 

5-Duryloylamidophthalaz-1:4-dione, 5-3’: 6’-dihydroxy-, 641. 

$-Duryloylamidophthalimide, 3-3’:6’-diamino-, 3-3’:6’-dihydr- 
oxy-, and 3-3’:6’-dinitro-, 641. 

Dyes, new, and their intermediates, 1314, 


Earths, rare, hydroxides, solubility of, in fused ammonium 
nitrate, 2508. 
magnetic susceptibilities of, 135, 136, 137, 139. 
oxidation states of, § 235. 
tungstates, 2501. 
Eicos-11-enoic acid from rape-seed oil, S 93. 
Elaidic acid, and its esters, catalytic autoxidation of, 1626. 
2-Elaidodipalmitin, modifications of, 370. 
2-Elaidodistearin, modifications of, 370. 
Electrodes, arsenic, 1297, 1302, 1305. 
metallic, 1297, 1302, 1305. 
silver—silver chloride,potential of, in water—glucose mixtures, 
2289. 
Electrolytic conductivity of cobalt halides and thiocyanate in 
ethyl-alcoholic solution, 144. 
dissociation and exchange reactions in non-aqueous solvents, 
70. 


Electrons, back-scattering of, into Geiger—Miiller counters, 
8 341. 


Electron-transfer processes, 3046. 
Element No. 84, catalytic properties of, S 322. 
Elements, actinide, oxidation states of, S 235. 
cis- and trans-uranic, position of, in periodic system, S 241. 
Group VB, physical properties of triphenyl compounds of, 
§ 121. 


rare-earth. See Earths, rare. 

Emanation method, S 259. 

Emetine, structure of, 1174, 3207; S 59, 67. 

Q-Enzyme, action of, on starch and its components, 1712. 
effect of ions on activity of, 2849. 
purification of, from potatoes, 1705. 

4:5-Epoxy-1. and its semicarbazone, 612. 

4: 5-Epoxy-1-acetyl-2-methylcyclohexene, 613. 

58:68-Epoxysetiocholan-3f-ol-17-one, 2538. 

9-Epoxyallylfiuorene, 9-hydroxy-, 2188. 

1:2-Epoxy-1:2-bis-p-methoxybenzoylethylene, 8 35. 

8:9-Epoxy-5-methyl-10-norandrostane-3:6-diol-17-one, 2976. 

8:9-Epoxy-5-methyl-10-norandrostan-17-one, 3:6-dihydroxy-, 
3:6-diacetyl derivative, 2975. 

Equilibria, partition, and metal complexes, 1841. 

u-Ergostadienol, structure of, 337. 

Ergosta-7(8): 9(11)-dien-3(8)-ol, and its derivatives, 220. 

Ergostadienone ” 2:4-dinitrophenylhydrazone, 1776. 

Ergosta-4(5):22(23)-dien-8-one, and its 2:4-dinitrophenyl- 
hydrazone, 1778. 

Ergost-22(23)ene, and its 22:23-dibromide, 1778. 

Ergost-8(9)-en-3(8)-ol, and its acetate and benzoate, 217. 

Ergost-22(23)-en-3(8)-ol, and its derivatives, 1778. 

Ergost-22(23)-en-3-one, 1778. 

Ergosterol D, benzoate, 220. 

p-Erythrose, preparation and purification of, 1358. 

Esters, containing phosphorus, 635. 
fatty monoethenoid, oxidation of, 1626. 
formation of, from alcohols and phenols with carboxylic acids 

in presence of trifluoroacetic anhydride, 2976. 

Ethane, bromofluoro-, and 1-chloro-2-fluoro-, 775. 
chloro-derivatives, dehydrochlorination of, 148. 
1:1-dichloro-, kinetics of thermal decomposition of, 165. 
1:2-dichloro-, kinetics of thermal decomposition of, 155. 
diiodotetrafluoro-, 2950. 

Ethane-1:2-dithiol, derivatives of, 2126. 

Ethanethiol, reaction of, with crotonaldehyde, 2723. 

Ethanol. See Ethyl alcohol. 

Ethers, aromatic, stereochemistry of, 2312. 
urany] nitrate complexes with, S 295. 

a-Ethoxalylacetamide, a-amino-, n-hexoy! derivative, 3232. 

3-Ethoxalyl-5: 5-dimethyl-2-isopropyl :4-dicarb- 
oxylic acid, dimethy] ester, 2359. 
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3-Ethoxalyl-5:5-dimethylthiazolidine-2:4-dicarboxylic acid,. 


dimethy] ester, 2354. 
Se ae Seeee 
acid, \ 
3-Ethoxalyl-2:2:5:5-tetramethylthiazolidine-4-carboxylic acid,. 


3-Ethoxalyl-2:5:5-trimethyl-2-carbethoxy methylthiazolidine-4- 
carboxylic acid, 2355. 
2-Ethoxyacetic acid, 2-fluoro-, ethyl ester, 2777. 
2-Ethoxyacet 5-amino-, 5-acetyl derivative, and its 
derivatives, 1135. 
Ethoxyacetylenic carbinols, conversion of,into af-unsaturated 
acids and aldehydes, 1823. 
p-Ethoxyanilinium benzenesulphonate, 2686. 
5-Ethoxybenzotrifiuoride, 2-nitro-, 8 98. 
2-Ethoxy-1:3-butadiene, preparation of, 613. 
y-Ethoxybutyric acid, p-2-fluoro-, ethyl ester, 2776. 
1-Ethoxycarbazole, and its picrate, 1383. 
5-Ethoxy-3-p-chlorophenyl-1:2:4-triazole, 1922. 
Ethoxy¢richlorosilane, 1698. 
2’-Ethoxydiethy! ether, 2- hydroxy- 2’-2’’-fluoro-, 2777. 
4-Ethoxy-2:3-dihydr , and its 2: 4. dinitropheny]- 
hydrazone, 614. 
4-Ethoxy-2:5-dihydroacetophenone, 613. 
a-Ethoxy-88-dimethylacrylic acid, 239. 
oe ester, 3096. 
enylphenacy] ester, 3095. 
6-Ethoxy-25-dimethylpyrazine, 3-cyano-, and its oxide, 1366. 
2-Ethoxyethanol, 2-2’-fluoro-, 2777. 
2-Ethoxyethyl cyanide, 2-2’-fluoro-, 2776. 
Ethoxyfluorosilanes, 1696. 
p-Ethoxy¢ Yy yl toph 
phenylhydrazone, 614. 
p-Ethoxy-w-cyclohexyl-w-phenylacetophenone, 3162. 
5-Ethoxy-3-p-methoxyphenyl-1:2:4-triazole, 1922. 
acca aeenaiaeeees acid, 
1-Ethoxy-3-methylbut-1-yn-3-ol, 1825. 
Ethoxymethyldurenol, and its benzoate, 625. 
a-Ethoxy-f-methylenebutyric acid, 239. 
om ester, 3096. 
enylphenacy] ester, 3096. 
4-Bthoxymothylene-£- p-methoxy-f-methylstyryl)-4:5-di- 
hy:lro-oxazol-5-one, 177 
4-Ethoxymethylene-5-oxazolones, reactivity of, 1435. 
4-Ethoxymethylene-5-thiazolones, reactivity of, 1435. 
1-Ethoxy-3-methylpentan-1:4-dien-3-ol, 1825. 
1-Ethoxy-3-methylpent-4-en-1-yn-3-ol, 1825. 
2-Ethoxy-4-methyl-1-isopropylcyclohexa-1:4-diene, 2-2’-hydr- 
oxy-, 2535. 
2-(4-Ethoxy-2-methyl-5-isopropylphenyl)-3-methylindole, 2887. 
2-Ethoxymethylpyridines, and their derivatives, 2093. 
2-Ethoxy-4-methylquinoline, 1-oxide, and its picrate, 2094. 
3-Ethoxy-2-methylquinoxaline 1-oxide, action of hydrochloric 
acid on, 2579. 
p-Ethoxy-w-cyclopentyl-w-phenylacetoph 
dinitrophenylhydrazone, 3162. 
p-Ethoxy-N-phenylbenzamidine, 3044 
p-Ethoxyphenylbenzylcarbinol, 3160. 
6-Ethoxy-2-4 age cmon 4-amino-, and its 
acetyl derivative, 1804, 180 
2-(4-Ethoxyphenyl)ethylene, 1: i: 2-trichloro-2-3-nitro-, 204. 
1-Ethoxy-2-phenylethylideneaminomethyl cyanide, 1551. 
5-Ethoxy-3-phenyl-1:2:4-triazole, 1922. 
B-Ethoxypropionic acid, 8-2-fluoro-, and its chloride and ethy] 
ester, 2776. 
3-Ethoxypropylamine, 3-2’-fluoro-, 2776. 
6-Ethoxy-2-styrylquinoline, 4-amino-, and its acetyl derivative, 
1804, 1805. 
8-Ethory-1:2:3:4-tetrahydrocarbazole, and its picrate, 1383. 
12-Ethoxy-1:2:3:4-tetrahydroi 1383. 
5-Ethoxy-4-2’-thiazolyl-2-benzyloxazole, 2366. 
2-Ethoxytoluene, 5-nitro-2-amino-, S 98. 
Ethoxytri-n-propylsilane, 2760. 
a-Ethoxyisovaleric acid, and its p Ce a esters, 239. 
Ethyl chloride, kinetics of thermal decomposition of, 165. 
dichlorophosphinite, ene of, 2925. 
clcsenthanete, 2-fluoro- 
1:3-di-(2’- butoxyethylamino)- 2- err 1 ether NN’-biscarb- 
oxymorpholide and dihydrochloride, 1380. 











and its 2:4-dinitro- 


lactone,. 


and its 2:4- 
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Ethyl 2-fluoroethyl carbonate, 2777. 

iodide, irradiation and extraction of, 1217. 

sulphoxides, 2-mercapto-, 2126. 
3-Ethyl-5-(-acetanilidoallylidene)rhodanine, 1129. 
a-Ethyladipic acid, diethyl ester, 836 
Ethyl alcohol, association of, with triethylamine, studied by 

infra-red absorption, 24 

kojic acid formation from, by Aspergillus oryze, 110. 
Ethyl alcohol, 2-fluoro-, and its derivatives, 773. 
— 2- substituted, conversion of a-amino-acids into, 


9-Ethylamincscetic acid, 2-chloro-, ethyl ester, and its hydro- 
chloride, 550. 

ee :1-diphenylpropane, and its hydrochloride, 

153 
mi :1-diphenylpropan-1-ol, and its hydrochloride, 
148, 149 

3-Ethylamino-1:1-diphenylprop-l-ene, and its hydrochloride, 
§ 151. 

{Ethyl 2-aminoethyl sulphide)diethylgold picrate, 435. 

N-Ethyl-2-aminofluorene, N-2-chloro- and -2-hydroxy-, 185. 

2-Ethylaminomethyl cyanide, 2-hydroxy-, 550. 

o-Ethylaminophenol, preparation of, and its derivatives, 2670, 
2671. 


8-Ethylaminopropionic acid, ethyl ester, S 146. 
N-Ethyl-p-aminostilbene, N-2-chloro- and -2-hydroxy-, 185. 
Ethylammonium ion, 2-hydroxy-, heat of ionisation of, 760. 
Ethylaniline, 2-cyano-, 70. 
3:5-dinitro-, 2787. 
3-Ethyl-5-(y-anilinoallylidene)rhodanine, 1128. 
N-Ethyl-p-anisidine, N -2-hydroxy-, 190 
§-Ethyl-D-arabopyranoside, 1237. 
6-Ethylbenzaldehyde, 2:4-dihydroxy-, and its derivatives, 864, 
865. 


Ethylbenzene s-triisocyanate, 1754. 
Ethylbenzene, 2:4:6-iriamino-, 1753. 
p-chloro-, chloro-derivatives, insecticidal properties of, 
203. 
2-Ethylbenziminazole, 2-2’-chloro-, and 
1405. 
N-Ethylbenzimido chloride, N-2-chloro-, 1309. 
1-p-Ethylbenz-2-p-nitrophenylhydrazide, 521. 
<n iodide, 


its hydrochloride, 


oinsthenseet chloride, 521. 

{8-Ethylbenzthiazole][ 5-diethylamino-3-ethylbenzthiazole]- 
methincyanine iodide, 1508. 

{8-Ethylbenzthiazole }[ 5:6-dimethoxy-3-ethylbenzthiazole]- 
methincyanine bromide, 1507. 

ct og paar aaa mal 
eyanine iodide, 1507 

[3-Ethylbenzthiazole][1: 4-dimethyl-2-quinoline]methincyanine 
iodide, 1508. 

[3-Ethylbenzthiazole][3-ethyl-f-naphthothiazole}methin- 
eyanine bromide, 1507. 

(3-Ethylbenzthiazole][1-ethyl-4-quinoline]methincyanine 
iodide, 1508. 

~:~ a rasta 
i e, . 

(8-Ethylbenzthiazole}[3-methylbenzthiazole }methincyanine 
bromide, 1507. 

(8-Ethylbenzthiazole][5:6-methylenedioxy-3-ethylbenzthiazole]- 
methincyanine bromide, 1507. 

(2-(3-Ethylbenzthiazole) |[2-( * [ateeeien 4’-dipyridyl)]- 
trimethincyanine iodide, S 1 

(8-ihylbenatbazele|¢-methyl-t-ethy1-—-quinline)methin- 
cyanine iodide, 1508 

(8-Ethylbensthiazole)(1-methyi-4-quinoline)methincyanine 
1 e, 1 8. 

on chloride, 5-nitro-2-2’-bromo-, and -2-2’-chloro-, 

2. 


Ethylbetaine, 2-fluoro-, hydrochloride, 1281. 
a-Ethyibutyrophenone 2:4-dinitrophenylhydrazone, 1967. 
2-(9-Ethyl-3-carbazolyl)-3-n-amylindole, and 2-6-nitro-, 2887. 
N-Ethyl-a-carboxymethylthiosuccinimide, 1515. 
N-Ethyl-a-o-carboxyphenylthiosuccinimide, 1515. 
2-Ethyl-2’-chloroethylamine, 2-hydroxy-, 2-benzoy] derivative, 
hydrochloride and picrate, 552. 
N-Ethyl-N-2-chloroethylaniline picrate, 184. 
N-Ethyl-N-(2-chloro-n-propyl)aniline picrate, 1975. 
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Ethylcobalt triiodide, 2282. 
Ethyl-2-deoxy-.-riboside, 1883. 
a - tteeatiees teat panes 6-chloro., 


[4-(1-Ethyldihydroquinoline) }[5-(3-ethylrhodanine) jdimethin- 
merocyanine, 1129. 
Be ee ee 
5’-(3’-ethylrhodanine) |dimethi ocy 
Ethyl-3: Sant baetesesetsteitnden iodide, 8 150. 
Ethylene, and ¢etrafluoro-, reactions of, with iodotrifluoro- 
methane, 2856. 
equilibrium of, with trimethylborine, 3340. 
polymerisation of, induced, temperature-coefficient of, 
2219. 











+ thermal degradation of, 2929. 
rins reaction with, 770. 
reaction of, with amines and mercuric acetate, 733. 
Ethylenes, reactions of, with quinones in sunlight, S 83. 
Ethylene oxides, reactions of, 278, 2573. 
ow x alicyclic and aliphatic, preparation and reactions 
Oo 
Ethylenediaminodiethylauric salts, complex, 3071. 
Ethylenediaminodi-n-propylauric bromoaurite, 3071. 
Ethylenediaminotrimethylplatinic iodide, 1169. 
Ethylenebisnitroamine S-benzylthiuronium salt, 1886. 
3:3’-Ethylenebis-(1:5-dinitro-1:3:5-triazacycloheptane), 1641. 
Ethylenebis-(4-tetrahydrothiazine 1:1-dioxide), and its dihydro- 
chloride, 2438. 
1’:4’-endoEthylenenaphtho(2’:3’-1:2)pyrene-af-dicarboxylic 
anhydride, 2171. 
Ethylenesulphonic acid, methy] ester, 49. 
sodium salt, catalytic bromination of, 294. 
2-Ethylfluorene, and its 2:4-dinitrophenylhydrazone, 151-. 
2-Ethylfiuorene, 9-2’-cyano-, 2625. 
9-Ethylfluorene-9-carboxylic acid, 9-2’-cyano-, and its esters, 
2625. 
2-Ethylfluorenone, 1514. 
N-Ethylfiuoroacetamide, N-2-chloro-, and N-2-hydroxy-, 915. 
3-Ethylhexahydro-1:3:5-triazine, 1:5-dinitro-, 1640. 
a-Ethylhexoic acids, optically active, silver salts, reaction of, 
with bromine, 2372 
1-Ethyl-n-hexoyl-o-aminophenol, and its derivatives, 2671. 
B-Ethyl-8-(1-hydroxycyclohexyl)acrylic acid, §-2-hydroxy-, 
lactone, 1428. , 
N-Ethyl-N -(2-hydroxy-n-propyl)aniline picrate, 1975. 
Ethylideneacetone 2:4-dinitrophenylhydrazone, 1428. 
oxidation of, by hydrogen peroxide, 665. 
reaction of, with 9-fluorenylmagnesium bromide, 53. 
Ethylmagnesium iodide, '*C-labelled, S 335. 
2-Ethyl-9-methylenefluorene, 1514. 
[8-Ethylnaphtho(1’:2’-4:5)oxazole}[3-ethylbenzthiazole]- 
methincyanine iodide, 1507. 
[8-Ethylnaphtho(2’:1’-4:5)oxazole][3-ethylbenzthiazole]methin- 
cyanine iodide, 1507. 
9-Ethyl-s-octahydroanthracene, 2047. 
1-Ethylcyclopentan-2-one-1-carboxylic acid, ethyl ester, 836. 
3-Ethylcyclopentan-2-one-1-carboxylic acid, ethy ester, 836. 
3’-Ethyl-1:2-cyclopentenophenanthrene, 836. 
p-Ethylpheny] tert.-butyl ketone, 1953. 
2-p-Ethylphenylscatole, 2886. 
2-Ethylpiperidine, 2-1’-hydroxy-, picrate, 2096. 
1-Ethyl-4-piperidone, and its hydrogen oxalate, 711. 
S-Ethyl-N-isopropylisothiourea hydriodide and hydrobromide, 
478. 
5-Ethylpyridine-2:4-dicarboxylic acid, 3213. 
Ethylpyridinium bromide, 2-fluoro-, 1282. - 
[2-(1-Ethylquinoline) ][4-(1-ethylquinoline) ]pentamethin- 
cyanine iodide, 37. 
(2-(1-Ethylquinoline) |[ 5-(3-ethylrhodanine) |jtetramethinmero- 
cyanine, 1130. 
[2- and 4-(1-Ethylquinoline)][(2-8-ethy1-A* -thiazoline) |penta- 
methincyanine iodides, 36. 
[2-(1-Ethylquinoline) ] “7 gaat weet 
methincyanine iodide, S 119 
[5-(8-Ethyirhodanine)][2-(5-chloro-3 3-ethylbenzthiazoline) |di- 


[68 Rihvtchodaatae\i #4 {§-chloro-8-ethyibensthiasoline)] B- 
methin-5’-(3’-ethylrhodanine) |Jdimethinmerocyanine, 1121. 

[5-(3-Ethyirhodanine) |[2-(3-ethylbenzselenazoline) |-8-anilo- 
methyldimethin merocyanine, 1123. 

















ons 








Wits 
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[5-(3-Ethylrhodanine) |[2-(3-ethylbenzoselenazoline) |[ 86’ -di- 
methin-2’-(3’-ethyl-6’:7’-benzbenzthiazolium iodide) }di- 
methinmerocyanine, 1125. 

[5-(8-Ethyirhodanine) |[2-(3-ethylbenzselenazoline) |[ 88’-di- 
methin-2’-(3’-ethylbenzselenazolium iodide) |dimethinmero- 
cyanine, 1125. 

[5-(3-Ethylrhodanine) |[2-(3-ethy Ib 1 line) |[ 88’~di- 
methin-2’-(3’-ethylbenzthiazolium iodide) |dimethinmero- 
cyanine, 1125. 

[5-(3-Ethylrhodanine) |[2-(3-ethylbenzselenazoline) |[ 8-methin- 
5’-(3’-ethylrhodanine) |dimethinmerocyanine, 1122. 

(5-(3-Ethylrhodanine) |[2-(3-ethylbenzthiazoline) |-8-anilo- 
methyldimethinmerocyanine, 1122. 

[5-(8-Ethylrhodanine) ][ 2-(3-ethylbenzthiazoline) |dimethin- 
merocyanine, 1129. 

[5-(3-Ethylrhodanine) |[2-(3-ethylbenzthiazoline) |[ 88’-dimethin- 
2’-(1’-ethylquinolinium iodide) |dimethinmerocyanine, 1124. 
(5-(3-Ethylrhodanine) |[2-(3-ethylbenzthiazoline) }[ 88’-dimethin- 
ema taaa rman iodide) |dimethylmerocyanine, 

1125. 

[5-(3-Ethylrhodanine) |[2-(3-ethylbenzthiazoline) ][ 8-methin-5’- 
(3’-ethylrhodanine) |dimethinmerocyanine, 1121. 

(5-(3-Ethylrhodanine) |[2-(3-ethylbenzthiazoline) |tetramethin- 
merocyanine, 1130. 

[5-( 3-Ethylrhodanine) |[2-(4-methyl-3-ethyl-A‘-thiazoline) ][ 8p’ - 
dimethin-2’-(3 ‘~ethyl-6’: 7’-benzb lium iodide) |di- 
methi 1125. 

[5-(3-Ethylrhodanine)}[2-(4-methyl-3-ethyl-A*-thiazoline) ][ 8p’- 
dimethin-2’-(3’-ethylbenzthiazolium iodide) |dimethinmero- 
cyanine, 1125 

[5-( + thyichodanine)}(8-(4-methyl-B-othyi-A-thiasoline) 88" . 
dimethin-2’-(3’-ethyl-A?-thiazolinium iodide) )dimethinmero- 
cyanine, 1125. 

[(5-(3-Ethylrhodanine) |[ 2-(4-methyl-3-ethyl-A‘-thiazoline) }[ B- 
methin-5’-(3’-ethylrhodanine) |dimethinmerocyanine, 1122. 

N-Ethylsuccinamic acid, 1799. 

N-Ethylsuccindiamide, 1799. 

Ethylsulphony]l chloride, 2-fluoro-, 775. 

8-Ethylsulphonyl-1-naphthol, and its methyl ether, 2152. 

Ethyl-1:2:3:4-tetrahydrophenanthrenecarboxylic acids, 97. 

1-Ethyl-1:2:3:4-tetrahydro-1:4:9:10-tetra-aza-anthracene, 
chloro-, and its picrate, 1270. 

9-Ethylthiaxanthylium salts, spiropyrans from, 2295. 

[2-( #-Ethylthiazolidine) [5-(2-diphenylamino-4-keto-A*-thi- 
azoline) |-a-anilomethyldimethi ocy 

[2-(3-Ethylthiazolidine) }[ 5-( 2diphayiemine-+kstons "thi 
azoline) }dimethinmerocyanine, 1130. 

af teeta Scthetihetantacl)-c-entlemsthet- 
dimethinmerocyanine, 1 

(2(6-Bthplhisolidine){6+G-ethylehodanine)}éimethinmero 
cyanine, 

[2-( GF Bthi-A‘-thiasoline){'9-(8-ethyibonsthiasole) pentamethin- 
cyanine iodide, 36. 

[2-( 3-Ethyl-A?-thiazoline)][5-(3-ethylrhodanine) tetramethin- 
merocyanine, 1131. 

[2-(3-Ethyl-A*-thiazoline) |[ 2-3-ethylthiazoxazole) |pentamethin- 
eyanine iodide, 37. 

3-Ethylthiobutanal, and its semicarbazone, 2723. 

Ethylthiobutan-3-one, and its 2:4-dinitrophenylhydrazone, 719. 

2-(Ethylthio)diethylgold, 2-amino-, and its sulphilimine, 435. 

2-Ethylthio-5:6-dimethoxybenzthi 1506. 

2-Ethylthio-5:5-dimethylthiazoline-4-carboxylic 
ester, 2369. 

2-Ethylthio-4-(6’-methoxy-8’-quinolylaminomethylene)-5- 
thiazolone, 1436. 

2-Ethylthio-5:6-methylenedioxybenzthiazole, 1506. 

3-Ethyl-1:3:5-triazacycloheptane, 1:5-dinitro-, 1641. 

6-Ethylveratric acid, preparation of, 8 66. 

Ethyl vinyl sulphone, 2436. 

Ethynylacetic acid. See Prop-2-yne-l-carboxylic acid. 

1-Ethynylcycloheptanol, and its 3:5-dinitrobenzoate, 1829. 

1-Ethynylcycloheptene, 1829. 

1-Ethynylcyclohexane-1:4-diol. See 1-Ethynylquinitol. 

1-Ethynylcyclohexanol, 4-hydroxy-, 4-benzoy] derivative, 617. 

Ethynylcyclohexene, preparation of, 291. 

Ethynylcyclopentene, 1829. 

1-Ethynylquinitol, 617. 

Eugenol derivatives, nitration of, 1870. 

Eugenol, 6-nitro-, and its derivatives, 1870. 

Euphol, 8 155. 
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Euphol, bromo-, and its acetate, S 156. 

Euphorbia resins, 2554 ; 8 155. 

Euphorbia tirucalli, resin from, 2554. 

Excretions, mammalian, chemistry and biochemistry of, 2115. 
Explosives, solid, thermal decomposition of, 2736, 2741. 
= coefficients of cobalt salts in ethyl-alcoholic solution, 


F. 


cis- and trans-(-+-)-isoFenchocamphoric acid, synthesis of, 192. 
(+)-8-Fenchocamphorone, synthesis of, 195. 
(+)-tsoFenchone, synthesis of, 197. 
tsoFenchononic acid, preparation of, 194, 
Ferric hydroxide. See under Iron. 
a See under Iron. 
emg dag mary valuation of, 8 410. 
rama soluble, liquid-jet technique for study of, 2789. 
Flavacol, synthesis of, 2586 
Flavonols from Meli ternata bark, 2157, 2162. 
Flax, New Zealand. See Phormium tenaz. 
Yloridess, polysaccharides of, 1468. 
F.uoranthene, Friedel-Crafts reaction with, 340. 
synthesis of, and its derivatives, from 7:8-dialkylacenaph- 
thene-7:8- diols, 1555. 
Fluoranthenes, syntheses of, 1513, 2182, 2623, 3194, 3213. 
Fluoranthene-11l-aldehyde 2:4-dinitrophenylhydrazone, 3215. 
Fluoranthene-11-carboxylic acid, and its ethy! ester, 3215. 
Fluoranthenedicarboxylic acid, and its dimethyl ester, 344. 
Fluoranthene-3:4-dicarboxylic acid, anhydride and dimethyl 
ester, 1514. 
Fluoranthene-11:12-dicarboxylic acid, anhydride and dimethy] 
ester, 1558. 
Fluoranthene-11:12-dicarboxylic anhydride, 4-bromo-, 1558. 
Fluorantheno(11’:12’-2:3)-p-benzoquinone, 1558. 
Fluorene, condensation of, with acetone, 50, 632. 
derivatives, condensation of, with acrylonitrile, 1239. 
Michael addition of, to crotononitrile, 2182. 
Fluorene, 2-amino-, substitution products of, 2020. 
3-(or 1-)bromo-2-amino-, and its 2-acetyl derivative, 1:3-di- 
bromo-2-amino-, and 1:3:7-tribromo-2-diamino-, 2-diacety] 
derivative, 2022. 
Fluorene-2-acetic acid, preparation of, 845. 
Fluorene-9-carboxylic acid, esters, Michael addition of viny] 
cyanide to, 2623. 
Michael addition of, to crotononitrile, 2182. 
preparation of, 53, 2625. 
Fluorenone, condensation of, with ethyl succinate, 1102. 
2:4-dinitrophenylhydrazone, 2186. 
1-9’-Fluorenyl-n-but-3-ene-1-carboxylic acid, 2187. 
B-9-Fluorenylbutyric acid, and its amide, 2184. 
a-2-Fluorenylcinnamic acid, o-amino-, o-chloro-, and o-nitro-, . 


845, 846. 
cis-a~(2-Fluorenyl)cinnamic acid, and cis-p-amino-, -chloro-, 
and -nitro-, 656, 657. 
9-Fluorenyldimethylcarbinyl acetate, 53. 
4-Fluorenylidene-2-methylpent-2-ene — 634. 
2s Wanengneeaseees acid, and its lactone and nitrile, 


uA 





inic acid, and its diethyl ester, 1104. 
Fhaenetidemeensiais anhydride, 1104. 
9-Fluorenyl-lithium, reaction of, and of 9-fluorenylmagnesium 
bromide, with af-unsaturated ketones, 50. 
9-Flaorenylmagnesium bromide, reaction of, and of 9-fluoreny]- 
lithium, with af-unsaturated ketones, 50. 
9-Fluorenylmalonic acid, ethy] ester, 2187. 
4-(9-Fluorenyl)-2-methylpentane, 634. 
8-9-Fluorenylpropionic acid, and its amide, 2626. 
B-9-Fluorenylpropionic acid, 9:8-dibromo-, 1240. 
and its lactone, 1105. 
Pa 9:B-dibromo-, and f-9-hydroxy-, . 


9-Fluorenylsuccinic acid, 1104. 

Fluorides. See under Fluorine. 

Fluorination of hydrocarbons, 3021, 3026. 

Fluorine compounds, toxic, containing C—F link, 773, 912, 916, . 
1279, 1471, 2745, 2774. 

Fluorine organic compounds, 3016. 
Fluorides, 3021, 3026. 
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Fluorine organometallic compounds, 2948, 2953. 

Fluorine determination :— 
determination of, in organic fluorides, 3026. 

Fluoroaurates, 2901. 

Fluorocarbon radicals, reactions of, 2856. 

«-Fluorocarboxylic acids, and their esters, 1471, 2774. 
B-oxidation of, in vivo, 2745. 

Fluorophosphonic acid, esters, miotic action and toxicity of, 
in relation to structure, 635. 

Formaldehyde, reactions of, with nitroamines, 1635. 

with nitroamines and primary or secondary amines, 1638. 

Formanilide, 3:5-dinitro-, 2788. 

Formic acid, determination of, 1541. 

B-Formylacrylic acid, methyl ester, 2:4-dinitrophenylhydr- 
azone, 3108. 

o-Formylbenzoic acid, reaction of, with isopropyl alcohol in 
sunlight, S 83. 

B-Formylbutyric acid 2:4-dinitrophenylhydrazone, 3104. 

5-Formyl-3:4-dimethylbenzoic acid, 2:6-dihydroxy-, methyl 
ester, and its 2:4-dinitrophenylhydrazone, 3041. 

5-Formyl-3:6-dimethylbenzoic acid, 2:4-dihydroxy-, ethy] ester, 
and its 2:4-dinitrophenylhydrazone, 3279. 

3-Formy!-5:5-dimethyl-2-:sopropylthiazolidine-4-carboxylic 
acid, methyl ester, 2361. 

2-Formyl-5-methoxyphenylglycine oxime, S 230. 

2-Formyl-6-methoxyphenylglycineamide oxime, 8 230. 

2-Formyl-2’-methyl-4:4’-dipyridyl 1-ethiodide and 1-meth- 
iodide, 2-p-diraethylaminoanils from, § 119. 

N-Formyl-p-methylsulphonylbenzamidine picrate, 2098. 

Formylcyclopentane 2:4-dinitrophenylhydrazone, 319. 

2-( ee 2-3:5-dihydroxy-, semicarbazone, 


Mte-Peruatahenateitiatans 2:4-trinitrophenoxide, N-2:6- 
dinitro-, 8 198. 

salts, N-2: 6-dinitro-, S 197. 
toluene-p-sulphonate, 4-nitro-, 823. 

2-(4-Formyl-o-tolyl)butane, 2-3:5-dihydroxy-, and its 2:4-di- 
nitrophenylhydrazone, 878. 

Friedel—Crafts catalysts. See under Catalysts. 

Friedel-Crafts reaction, 257, 340, 2139. 
acylation of naphthalene by, 8 99. 
with a- and f-nitro-olefins, 42. 

Fructigenin, 1022. 

Fructose, — of, with 2:4:5-triamino-6-hydroxypyr- 
imidine, 79 

Fulminic acid, mercury salt, delayed explosion of, 2736. 

thermal decomposition of, in a 2741. 

Fungi, antibiotics produced by, 1022. 
chemistry of, 497, 562, 848, asa, 867, 879, 1563, 1567. 

Furano-compounds, 302, 2057. 

Furfuraldehyde, condensation of, with aromatic amines, 777. 
hydrogenolysis of, 1663. 

Furturaldoximes, isomeric, dipole moments of, and of benz- 
aldoximes, 1462. 

2-2’-Furfurylideneindane-1:3-dione, 2136. 

Furochromes, S 30. 

1-2’-Furyl-3-methyl-4-azafluorenone-2-carboxylic acid, 
ester, 2138. 

1-2’-Furyl-3-methyl-1:4-dihydro-4-azaf uorenone-2-carboxylic 
acid, ethyl ester, 2138. 

2-Furyl 2-quinolyl ketone, and its 2:4-dinitrophenylhydrazone, 
2578. 


ethyl 


Fusobacterium avenaceum, fructogenum, lateritium, and sam- 
bucinum, antibiotics from, 1022. 


Gadolinium, magnetic susceptibility of, 137. 

9-p-Galactofuranosido-2-methylthioadenine, and its 9-tetra- 
acetyl derivative, and their picrates, 2305, 2306. 

ae Sencar ane, and its picrate, 


D-Galactose, methanesulphony] derivatives of, 2542. 

9-p-Galactosido-2-methylthioadenines, 2302. 

Gases, samples, determination in, of carbon dioxide, 720. 

Gattermann—Koch reaction, 2601, 2613. 

—n reaction, modified, with ethyl and methy] orsellin- 
ates le 
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Gein, synthesis of, 2055. 

Ginkgetin, structure of, 1560. 

Gliotoxin, 2935; S 135. 

Gluconic acid, determination of, 1215. 

9-p-Glucopyranosidoisoguanine, and its picrate, 2497. 

D-Glucopyranosido-2-methylsulphonyladenine, § 9-tetraacety] 
derivative, 2496. 

D-Glucopyranosido-2-methylthioadenine, and its 9-tetra-acety] 
derivative, 2496. 

Glucosaccharic acid, dimethy] ester, tetramethy] ether, reaction 
of, with sodium, 1139. 

Glucose, condensation of, with 2:4:5-triamino-6-hydroxypyr- 
imidine, 79. 

Glucose-2 dipotassium phosphate, 3134. 
phosphate, 3131. 

4-p-Glucosidamino-2-dimethylamino-5-(2’:5’-dichlorobenzene- 
azo)pyrimidine, 6-amino-, 2494. 

Glycosides, synthesis of, 2054. 

N}-p-Glucosyldiguanide, and its oxime, picrates, 2723. 

Glutamic acid, y-dipeptides of, synthesis of, 3315. 

Glutamine, synthesis of, 3315. 

DL-Glutamine, 3317. 

y-L-Glutamyl-1-glutamic acid, p-nitrobenzoy] derivative, 3319. 

y-DL-Glutamylglycine, 3318. 

Glutaric acids, 8-substituted, ring closure of, 3177. 

B-Glutaric acid, crystal and molecular structure of, 1001. 

Glycerides, mixed, naturally-occurring, configuration of, 2154. 
X-ray and thermal examination of, 369. 

Glycerol, 2:3-dimercaptopropy] ethers, 244. 

Glycine morpholide, and its picrate, 2325. 

9-Glycofuranosidopurines, synthesis of, 1613. 

Glycogen, action of B-amylase on, 3200. 

Glycols, alicyclic, 315, 320, 326. 

1:2-Glycols, fission of, with chromium trioxide, and with 
chromy] chloride, 597, 598. 

Glycollic acid 2:3-dimercaptopropyl ether, 244. 

5-Glycylamidophthalaz-1:4-dione, 640 

B-5-Glyoxalinylacrylic acid, «-amino-f-2:4-dimercapto-, a- 
benzoyl derivative, methyl ester, and its triethylamine salt, 
2181. 

4-(5’-Glyoxalinylmethylene)thiazol-5-one, 2-mercapto-, 2182. 

Gold :— 
Auric fluoride, 2901. 

Gold organic compounds, 431, 1835, 3063, 3075. 

Goldschmidt Memorial Lecture, 2108. 

Grignard reaction, 384. 

Grignard reagents, reactions of, 1662, 2151. 

on thermochromic spiropyrans, 2295. 

thermodynamics of, 2649. 

Guanidine, derivatives, 1665. 

Guanidines, condensation of, with cyanamides, 98. 

Guanidines, cyano-, reactions of, with Grignard reagents, 2561. 

Guanidinium benzoate, 2001. 

4-Guanidinomethylbenzylmalonic acid, amino-, acetyl deriv- 
ative, ethyl ester, picrate, 1376. 

f-p-Guanidinomethylphenylalanine hydrochloride, 1376. 

f-p-Guanidinophenylalanine, salts, 1375. 

6-Guanidinoquinoline, and its sulphate, 1259. 

Guanosine-2’ phosphate, 2484. 

Guanosine-5’ phosphate, and its barium salt, 2483. 

Guanylureas, preparation of, 1732. 

Gums, cholla, 1761. 

egg Prats 1757. 

methylated, hydrolysis products from, 527. 


Halogens, addition of, 294. 
kinetics of substitution by, 294. 
radioactive, S 400. 
Halogen oxy-acids, existence of, 63. 
Halogenation of tert.-amines with N-halogeno-compounds, 907. 
of aromatic compounds, kinetics of, 933. 
of pheny] ethers and anilides, 1389. 
, preparation of, by modified Sandmeyer 





aie § 181. 
N-Halogeno-compounds, reactions of cyclic ¢ert.-amines with, 
907. 


Heat of hydrolysis of acetyl] halides, 936. 
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Heat of ionisation of substituted ammonium ions, 760. 

Heat of vaporisation, latent, correlation of, with critical tem- 
perature and vapour pressure, 3415. 

Hemicellulose, and its derivatives from New Zealand flax, 121. 

5-n-Heptadecyl-1:2-benzacridine, and its picrate, 674. 

Hepta-1:5-dien-4-ol-1-carboxylic acid, methyl ester, 1418. 

Heptalenes, attempted synthesis of, 2421. 

Heptane, perfluoro-, 3023. 

Heptanecarboxylic acid, 7-fluoro-, ethyl and 2-fluoroethy] esters, 


1-iodo-, and its ethyl and 2-fluoroethyl esters, 1476, 1477. 
n-Heptan-2-ol, resolution of, 2721. : 
4-(cycloHept-1’-enyl)but-3-en-2-one, and its semicarbazone, 

1830. 


4-(cycloHept-1’-enyl)but-3-yn-2-one, and its derivatives, 1830. 
Hept-5-en-1-yn-4-ol, 2698. 
3-n-Heptoyl-9-ethylcarbazole, and 6-nitro-, 2887. 
Heptylbenzacridines, and their picrates, 674, 675. 
9-n-Heptylphenanthridine, and its picrate, 706. 
Hept-1-yn-4-ol, and its 3:5-dinitrobenzoate, 2698. 
Heterocyclic compounds, chemistry of, 1014, 1354, 1356. 
configuration of, 1183. 
containing nitrogen, nitration of, 1367. 
synthesis of, 2134, 2540. 
by Hofmann reaction, 232, 2582. 
from glycidic esters, 2573. 
with three- and four-membered rings, 1318. 
Hexa-acetyl a- and £-(2’:3’-dimercaptopropyl)glucosides, 246. 
Hexaethylenetetramine, 2298. 
derivatives of, 2302. 
Hexafluorovanadates. See under Vanadium. 
1:2:3:8:9:10-Hexahydro-4:5-be lene, 1053. 
£-Hexahydrobenzyl-p-glucoside-2-phosphoric acid, dipotassium 
salt, 3134. 
Hexahydrochlorophorin tetraacetate and tetramethyl ether, 
3155. 
Hexahydrochlorophorin, dibromo-, tetramethyl ether, 3155. 
Hexahydroapoconessine, and its derivatives, 3130. 
Hexahydroindan-5-one, and its semicarbazone, 829. 
Hexahydrophenthiazine, 281. 
Hexahydro-/-santonic acid, and its acetate, 1173. 
Hexamidomalondialdehyde, 1553. 
2:3:4:2’:3’:4’-Hexamethoxy-1:1’-dinaphthyl-5:5’-dicarboxylic 
acid, and its dimethyl ester, 3278. 
1:1’-Hexamethylenebis-(2:5-dimethylpyrrole), 2885. 
cycloHexane, action of oleum on, 1932. 
addition of dinitrogen tetroxide to, 2627. 
cycloHexane, 1:2-dinitro-, 2630. 
cycloHexane series, epimeric alcohols of, 1011. 
cycloHexanealdehyde, and its 2:4-dinitrophenylhydrazone, 739. 
cis- and trans-cycloHexanecarboxylic acids, 4-hydroxy-, and 
their derivatives, 332. 
cycloHexane-l-carboxylic acids, 2-hydroxy-, 2-acetyl deriv- 
atives, and their derivatives, 1945. 
cise and trans-cycloHexane-1:2-diols, methanesulphonyl and 
toluene-p-sulphony] derivatives of, 315. 
cis- and trans-cycloHexane-1:4-diols, acetates, benzoates, and 
toluene-p-sulphony] derivatives of, 320. 
cis-cycloHexane-1:2-disulphonic acid, and its barium salt, 1939. 
Hexane-1:2-dithiol diacetate, 622. 
cycloHexanethiol, 2-chloro-, 286. 
cycloHexanol, 2-mercapto-, 280. 
diacetate, 286. 
2-nitro-, 2630. 
cycloHexan-2-ol-1-carboxylic acids, configuraticn of, and their 
derivatives, 1943. 
cycloHexanone cyanohydrin, condensation of tolylene-2:4- 
diamine with, S 160. 
dipole moments of, 2963. 
cycloHexanone, 4-hydroxy-, 4-benzoyl derivative, and its 
semicarbazone, 326. 
preparation of, 616. 
preparation of, 617. 
cycloHexene, action of oleum on, 1932. 
derivatives, ultra-violet absorption by, and steric hindrance 
of resonance, 1890. 
polymerisation of, 1928. 
reaction of, with acetic anhydride and sulphuric acid, in 
acetic acid solution, 1938. 
spectrum of, absorption, and structure, 388. 
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cycloHexene, sulphonation of, 1925. 

cycloHexenealdehyde, and its 2:4-dinitrophenylhydrazone, 740. 

Hex-1-ene-2:3-diol-1-carboxylic acid, y-lactone, 1422. 

cycloHexene-3-sulphonic acid, and its barium salt, 1926. 

a - ian 3-chloro-4-hydroxy-, and 4-hydroxy-, 
2. 


7:8-cycloHexenocinnoline, 4-hydroxy-, 2403. 
4-cycloHex-1’-enylbut-3-en-2-one, and its derivatives, 740. 
4-cycloHex-1'-enylbut-3-yn-2-ol, 743. 
4-cycloHex-1’-enylbut-3-yn-2-one, and its derivatives, 292. 
1-cycloHex-1’-enyldeca-4:6:8-trien-1-yn-3-ol, 746. 
10-cycloHex-1’-enyldeca-3:5:7-trien-9-yn-2-ol, 746. 
ee semicarbazone, 


9-cycloHex-1’-enyl-3:7-dimethyluona-1:3:5-trien-8-yn-7-ol, 3121. 

9-cycloHex-1’-enyl-3:7-dimethylnona-2:4:6-trien-8-yn-l-ol, and 
its esters, 3121. 

8-cycloHex-1’-enyl-2:6-dimethylocta-1:3:5-trien-7-yne-1-carb- 
oxylic acid, 293, 1826. 

1-cycloHex-1’-enylhex-4-en-1-yn-3-ol, 
benzoate, 744. 

6-cycloHex-1’-enylhex-3-en-5-yn-2-ol, 
benzoate, 744. 

6-cycloHex-1’-enylhex-3-en-5-yn-2-one, and its semicarbazone, 
744 


6-cycloHexenyl-2-methylhept-2-ene, 2534. 
6-cycloHex-1’-enyl-2-methylhexa-1:3-dien-5-yne-1-carboxylic 
acid, 745. 
6-cycloHex-1’-enyl-4-methylhexa-1:3-dien-5-yne-l-carboxylic 
acid, 293. 
8-cycloHex-1’-enyl-6-methylocta-2:4-dien-7-yn-6-ol, 292. 
8-cycloHex-1'-enyl-6-methylocta-3:5-dien-7-yn-2-ol, and 
3:5-dinitrobenzoate, 292. 
8-cycloHex-1’-enyl-6-methylocta-3:5-dien-7-yn-2-one, 293. 
and its 2:4-dinitrophenylhydrazone, 3125. 
and its semicarbazone, 292. 
ee ee ana 
acid, » 
5-cycloHex-1’-enyl-3-methylpent-2-en-4-yn-l-al, and its deriv- 
atives, 3125. 
5-cycloHex-1’-enyl-3-methylpent-1-en-4-yn-3-ol, 1 -chloro-, 3124. 
1-cycloHex-1’-enylocta-4:6-dien-1-yn-3-ol, 745. 
8-cycloHex-1’-enylocta-3:5-dien-7-yn-2-ol, 745. 
8-cycloHex-1’-enylocta-3:5-dien-7-yn-2-one, and its semicarb- 
azone, 745. 
9-cycloHexenylphenanthridine, and its picrate, 706. 
Hexastrol bis-(2-hydroxyethyl) ether, 2534. 
Hexoses, relation of pentoses to, 522. 
n-Hexoyl-pt-isoleucine, a-bromo-, 8 130. 
cycloHexyl acetate, 2-mercapto-, 286. 
acetate and nitrate, 2-nitro-, 2631. 
2-acetoxycyclohexyl] sulphide, 2-mercapto-, 286. 
benz : pheenhete, 2-hydroxy-, silver salt, 818. 
tert.-buty] sulphide, 2-mercapto-, 286. 
2-tert.-butylthiocyclohexy! sulphide, 2-mercapto-, 286. 
dibenzyl phosphate, 2-hydroxy-, 818. 
di-p-bromobenzyl] phosphate, 2-hydroxy-, 821. 
ii paltsbennsl yaoi, 2-hydroxy-, 821. 
ethyl sulphide, 2-mercapto-, 286. 
2-ethylthiocyclohexy] sulphide, 2-mercapto-, 286. 
methyl sulphoxide, 2444. 
phenyl sulphide, spectrum of, absorption, and structure, 
391. 
sulphide, acetyl and benzoyl derivatives of, absorption 
spectra and structure of, 390. 
thiolacetate, 2-chloro-, 286. 
<-- ocean acid, -hydroxy-f-l-hydroxy-, lactone, 
1. 


cycloHexylamine benzyl isoamy! phosphate, 818. 

dibenzyl phosphate, 818. 

nitrate, 1649. 

pheny] benzyl and dihydrogen phosphates, 819. 
3-Hexylaminobut-1-yne, 3-6’-amino-, 782. 
3-cycloHexylaminobut-1l-yne, and its derivatives, 782. 
N-cycloHexylbenzamidine, and its salts, 452. 
4-cycloHexylbutan-2ol, a-naphthylurethane, 743. 
4-cycloHexylbutan-2-one, and its derivatives, 292. 

2:4-dinitrophenylhydrazone, 743. 
cycloHexyl-sec.-butylamine, and its hydrochloride, 789. 
y-cycloHexylerotonic acid, y-1-hydroxy-, 1418. 


and its 3:5-dinitro- 


and its 3:5-dinitro- 


its 
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1-cycloHexyl-1:2-diarylethylenes, synthesis of, 3156. 
3-cycloHexyl-4:5-dimethylthiazole-2-thione, 788. 
1-cycloHexyl-1:2-diphenyl- 1:2-diphenyl-2-(-methoxyphenyl)- 
ethylene, 3162. 
2-cycloHexyl-1:2-diphenylethan-l-ol, and 
benzoate, 3161. 
1-cycloHexyl-1:2-diphenyl-2-(p-ethoxyphenyl)ethylene, 3162. 
cycloHexyl p-ethoxyphenyl ketone, and its 2:4-dinitrophenyl- 
hydrazone, 3163. 
N-cycloHexylglycine, N-nitroso-, 313. 
1-Hexylhept-2-yne, 1-1’-hydroxy-, 2699. 
1-cycloHexylhexan-3-ol, and its a-naphthylurethane, 744. 
6-cycloHexylhexan-2-ol, and its a-naphthylurethane, 744. 
1-cycloHexylhexan-3-one, and its semicarbazone, 744. 
6-cycloHexylhexan-2-one, and its semicarbazone, 744. 
3-cycloHexylhex-1-yne, 3-1’-hydroxy-, 2700. 
cycloHexylidenecrotonic acid, and its methy] ester, 1418. 
cycloHexylidene-o-methylacetophenone 2:4-dinitrophenyl- 
hydrazone, 613. 
4-cycloHexylidene-2-phenyl-5-oxazolone, 1440. 
— p-methoxyphenyl)-1-(p-ethoxyphenyl)ethylene, 
31 


its 3:5-dinitro- 


cycloHexylmethyl-sec.-butylamine, and its methiodide, 789. 
3-cycloHexyl-4-methyl-5-methylenethiazolidine-2-thione, 788. 
8-cycloHexyl-6-methyloctan-z-one, and its semicarbazone, 292. 
cycloHexyl methyl sulphone, 2444. 
pr ea ae mn mg hydrochloride, 1767. 
p-Hexyloxyphenyl cyanide, 3045. 
p-Hexyloxy-N: -phenylbenzamidine, 3044. 
w-cycloHexyl-w-phenyl Pp 2:4-dinitrophenylhydr- 
azone, 3161. 
1-cycloHexyl-1-phenyl-2-(p-ethoxyphenyl)ethylene, 3162. 
1-cycloHexyl-1-phenyl-2-(p-methoxyphenyl)ethylene, 3162. 
1-cycloHexyl|-2-phenyl-1-(»-methoxyphenyl)ethylene, 3163. 
cycloHexyl phenyl sulphone, spectrum of, absorption, and 
structure, 410. 
ee acid, and its methylcyclohexyl ester, 
79, 80. 
f-cycloHexylpropiolic acid, 8-1-hydroxy-, methyl ester, 1427. 
N-cycloHexylsydnone, 313. 
dipole moment of, 748. 
3-cycloHexyl-1:3:5-triazacycloheptane, 1:5-dinitro-, 1641. 
$-cycloHexyl-1:3:5-triazacyclooctane, 1:5-dinitro-, 1640. 
N-cycloHexylurethane, 1885. 
Hex-1l-yne, condensation of, with aliphatic diketones, 3368. 
Hex-l-yne, 3-bromo-, 2699. 
Histidine, synthesis of, 2179. 
Hippuric acid, condensation of, with aliphatic aldehydes, 2726. 
Hofmann reaction, 2582; S 59. 
Holarrhena species, conessine from, 831. 
Homoisofenchocamphoric acid. See 4-Carboxy-2:2:4-tri- 
methylcyclopentaneacetic acid. 
Homoapot phoric acid. 
cyclopentaneacetic acid. 
Homopiperonylidene--methylhomophthalimide, 1312. 
Hugo Miiller Lecture, 522. 
N-(4-5’-Hydantoinylmethylphenyl)pyridinium 
sulphonate, N-2:6-dinitro-, 8 203. 
Hydrargillite, 2262. 
Hydrazine, effect of, on condensations with 2:4:5-triamino-6- 
A may ga ape 2077. 
reaction of, with carbon monoxide at high pressure, 1156. 
5-Hydrazinoacetamidophthalaz-1:4-dione, 640. 
6-Hydrazinobenzthiazole, 361. 
3-Hydrazinophthalimide, and its derivatives, 640. 
Hydrazobenzene, equimolecular mixture of, with azoxy- 
benzene, compared with cis- azobenzene, 1595. 
Hydrindantin, reaction of, with a-amino-acids, 703. 
structure of, 213. 
Hydrobasaluminite, 2265. 
Hydrocarbons, acetylenic, addition of thiolacetic acid to, 619. 
aromatic, 2013, 2168, 2440. 
catalysed gas-phase reactions of, 1779. 
higher, oxidation of, with perbenzoic acid, 3060. 
polycyclic, 842, 1084, 1768. 
fluorescence spectra of, in solution, 1683. 
preparation of, 519. 
carcinogenic, action of sunlight on, 1039. 
carcinogenic and non-carcinogenic, rates of addition of 
osmium tetroxide to, 456. 








See 4-Carboxy-2:2-dimethyl- 


toluene-p- 
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Hydrocarbons, cyclic, reactions of, 1925, 1928, 1932. 
fluorination of, 3021, 3026. 
paraffin, reaction of, with sulphur vapour, 3379. 
— kinetics of dehydrochlorination of, 148, 155, 

1 

Hydrocotarnine, reduction of, 2018. 

Hydrocyanic acid. See under Cyanogen. 

Hydrogen ions, concentration of, measurement of, colori- 

metrically, 1371. 
exchange of, with sodium ions, 3285. 

Hydrogen bromide. See Hydrobromic acid under Bromine. 
cyanide. See Hydrocyanic acid under Cyanogen. 
peroxide, oxidation by, of af-unsaturated ketones, 665. 
selenide, photochemical oxidation of, 1811. 

Hydrogenation, septum, 2008. 

Hydrogenolysis, relative rates of, 1663. 

Hydroxamic acids, 2091. 
cyclic, synthesis of, 2707. 

Hydroxy-acids, af-acetylenic, 
nucleophilic reagents, 1423. 

Hydroxy-compounds, reaction of, with phosphorus and thionyl 
halides in absence and presence of tertiary bases, 2309, 
3326. 

Hydroxyl radicals, free, oxidations involving, 2427; S 15. 

Hypochlorous acid. See under Chlorine. 

Hypoiodous acid. See under Iodine. 


esters, reactions of, with 


Iminazoles, synthesis of, 263. 

Iminobis-n-valeronitrile, 2336: 

Imino-ethers, condensation of, with o-phenylenediamines, 
1396. 

Indane series, 2399. 

cis- and trans-Indane-1:2-dicarboxylic acids, and their methy] 
esters, 848. 

Indan-1-one-3-acetic acid, 6-hydroxy-, 3180. 

Indene derivatives, 212, 702, 1038. 

Indeno(3’:2’-3:4)phenanthra-9:10-quinone, 846. 

Indole, 5:6-dihydroxy-, derivatives, synthesis of, 78. 

Indoles, 796. 
polysubstituted, as cocarcinogens, 2882. 
synthesis of, Fischer’s, 1381, 1384. 

Indoles, 3-amino-, 1:2-disubstituted, 2903, 2911. 

Indole-2-carboxylic acid, 5:6- dihydroxy., and its 5:6-diacetyl 
derivative, 2061, 2064. 

— 22’-8: 4)isoquinolines, and cyanine dyes therefrom, 


ledelois’: 2’-3:4)quinoline series, colour and constitution in, 
2816. 

= [eee acid, and its methyl ester, 

we , indotyethy)--methyibomophthalamic acid, methyl ester, 


cctreientnndantietin 2942. 
Insecticidal activity and chemical constitution, 203. 
Inter-halogen compounds, chemistry of, 2206. 
“Intramine.”” See Diphenyl disulphide, 2:2’-diamino-. 
Iodine, ‘*isotope, carrier-free, extraction of, from pile- 
irradiated tellurium, S 323. 
Iodine pentafluoride, electrical conductivity of, 2861. 
Hypoiodous acid, oxidation of aldoses by, 1213. 
Periodates, oxidation of carbohydrates y, 1536. 
Ions, complex, bond lengths in, 55. 
Leen. of, in solution, use of radioactive isotopes in study 
0 
Ion-exchange, studies in, 3285. 
Ion-exchange resins, properties and structure of, 3299. 
Ionisation constants of pyrimidine derivatives, 469. 
B-Ionone, analogues of, 737, 1827, 2028. 
structure of C,, aldehyde from, 1516. 
B-Ionylideneacetaldehyde 2: eyo 6 eames 1826. 
Iroko. See Chlorophora excelsa, wood o 
Iron, corrosion of, inhibition of, by - acid and potassium 
chromate, 1831. 
dialysed, adsorption of **P on, S 326. 
radio-nuclides, § 357. 
Iron oxides, transformations of, S 269. 
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Iron :— 
Ferric hydroxide, adsorption of **P on, S 326. 
precipitated, solubility product of, S 157. 
oxide, mechanism of dissolution of, 3330. 
Irradiation, experimental arrangements for, 3241. 
Isatidine, structure of, 1700. 
Isatinecic acid, barium and brucine salts, 1702. 
isomerism of, with retronecic acid, 1700. 
structure of, 1703. 
Isatinecine, 486. 
Isomerisation, 2045. 
reactions, 169. 
a- and f-Isoprene sulphones, spectra of, absorption, and 
structure, 410. 
Isotopes, radioactive, neutron-deficient, S 360. 
study of diffusion of ions in solution by means of, S 381. 
a-ray-emitting, S 364. 
Itaconic anhydride, Friedel-Crafts reaction with, 2139. 


Jaglone, 3-chloro-, 1278. 


isoKanugin, synthesis of, 2162. 
Kellin, synthesis of, and its derivatives, 302; 
isoKellin, and its styryl derivative, 306. 
Kellinone, esters, 306, 307. 
2-Keto-7-p-aceta midostyryl-8-methyl-1-oxa-8-aza phenanthrene 
methosulphate, 769. 
3-Keto-7-acetoxycholanic acid, 12-hydroxy-, methy] ester, 2166. 
1-Keto-7-acetoxy-13-methylperhydrophenanthrene, 1863. 
B-Keto-a-acetyl-o-methyladipic acid, methyl ester, 718. 
Keto-acid, and its acetoxy-lactone, from reaction product of 
2-methylnaphthalene and N-nitrosoaceto-2-naphthalide, 40. 
6-Keto-7:8-benzo-1:2-(2’:3’-indolo)-3:4- and -9:10-dihydro- 
pyridocolines, 491. 
-5-Keto-3-benzyl-3:5-dihydro-1-oxa-2:3-diazole. 
Benzylsydnone. 
2-Keto-6-benzyl-1:2-dihydropyrazine, 1-hydroxy-, 2711. 
g ‘teen 5’:4’-4:5) pyrimidine, 
33. 
2-Keto-6-benzyl-3-ethyl-1:2-dihydropyrazine, 1-hydroxy-, 2712. 
4-Keto-5-benzylidenethiazoline, 2-amino-, and its derivatives, 
2576. 
a Pe ene eny eS -SeeE, 
332. 
6-Keto-2’-benzylthio-1:2:3:6-tetrahydrothiazolo(5’:4’-4:5)pyr- 
imidine, 2332. 
12-Keto-bile acids, molecular rotation of, and their derivatives, 
2596. 


8 30. 


See WN- 


4-Keto-1-carbethoxy-3-(2’-piperidyl)octahydropyridocoline, 665. 

3-Ketocholanic acid, 12-hydroxy-, and 7:12-dihydroxy-, and 
their derivatives, 2166, 2167. 

2-Keto-7-cyanoheptane-3-carboxylic acid, and 3-chloro-, ethyl 
esters, 2899. 

<  ’omeeeeeees acid, 3-chloro-, ethyl ester, 
2899. 


4-Keto-1: 1-dialkylpiperidinium salts, use of, in synthesis, 708. 
4-Keto-1:1-diethylpiperidinium iodide, 711. 
. ‘reopens 
3-Keto-3:4-dihydro-4-oxa-3:4-benzacridone, 769. 
3-Keto-6:7-dimethoxy-2:3-dihydrobenz-1:4-thiazine, benzyl- 
idene derivatives, 1315. 
1-Keto-6:7-dimethoxy-1:2:3:4-tetrahydronaphthalene, 5-hydr- 
oxy-, 2:4-dinitrophenylhydrazone, 3275. 
5-Keto-4-dimethylaminomethyl-5:6:7:8-tetrahydroindane, 
its hydrogen oxalate, 712. 
2-Keto-7-p-dimethylaminostyryl-1:2-dihydro-1-oxa-8-aza- 
phenanthrene, 769. 
2-Keto-7-p-dimethylaminostyryl-1-oxa-8-azaphenanthrene, 
metho-salts, 769. 
2-Keto-1:6-dimethyl-1:2-dihydro-1:5-naphthyridine, and 
derivatives, 1159, 1160. 
2-Keto-3:5-dimethyl-1:2-dihydropyrazine, 1-hydroxy-, 2710. 
ot pennies 6- and 7-chloro-, 


derivatives of, 


and 


its 
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= :8-dimethyl-9-oxa-2-aza-9:10-dihydroph threne, 

10-Keto-1:3-dimethyl-9-oxa-2-aza-9:10-dihydrophenanthrene- 
4-carboxylic acid, 2131. 

1’-Keto-2’:3’-dimethyl-1:2-cyclopentenophenanthrene, 837. 

7-Keto-1:6-dimethyl-4-isopropyl-A'-octalin, 9-hydroxy-, and its 
derivatives, 1101. 

4-Keto-1:1-dimethylpiperidinium iodide, 711. 

1-Keto-2:3-dimethyl-1:2:3:4-tetrahydronaphthalene, and its 
2:4-dinitrophenylhydrazone, 3198. 

1-Keto-5:7-dimethyl-1:2:3:4-tetrahydronaphthalene 2:4-dinitro- 
phenylhydrazone, 3196. 
3’-Keto-4’:5’-dimethyl-1’:2’:3’:4’-tetrahydropyrazino(1’:2’-1:2)- 
indole, hydroxylation of, 2941. 

7-Keto-2:5-dimethylthio-6-methyl-6:7-dihydrothiazolo[5:4-d]- 
pyrimidine, 1067. 

2-Keto-3:5-diphenyl-1:2-dihydropyrazine, 1-hydroxy-, 2711. 

2-Keto-7-formyl-1-oxa-8-azaphenanthrene methochloride p-di- 
methylaminoanil, 769. 

6-Ketoheptane-l-carboxylic acid, 5-chloro-, 2899. 

17-Keto-5:6:7:9:10: 13-hexahydrophenanthrene, |- hydroxy-, pre- 
paration of, 1862. 

5-Ketohexane-1l-carboxylic acid, 4-chloro-, 2899. 

6-(4’-Ketocyclohexenyl)-2-methylhept-2-ene, and 
carbazone, 2534. 

-5-Keto-3-cyclohexyl-3:5-dihydro-1-oxa-2:3-diazole. 
cycloHexy|sydnone. 

3-Keto-2-(a-hydroxybenzyl)dihydrobenzthiazine, 282. 

2-Keto-3-a-hydroxy benzyl-1:2:3:4-tetrahydroquinoxaline, 
its diacetyl derivative, 2577. 

4-Keto-5-(1-hydroxyisopropyl)thiazoline, 2-amino-, 2575. 

a-Ketols, condensation of, with 2:4:5-triamino-6- ‘hydroxypyr- 
imidine, 2077. 

3’-Keto-6-methoxy-2:5-dimethyl-1:2:3:4-tetrahydro-1:2-cyclo- 
pentenonaphthalene-f, 1868. 

ng ema -~ gamete 
anthrene, preparation of, 186 

tee 22: *: 4-tetrahydrophenanthrene, 





its semi- 


See N- 


and 


s- ~ :icrnel *3:11octahydrophenanthrene,  8-bromo-, 
862. 

p.ticte-oasthataliels acid, methyl ester, 719. 

1’-Keto-3-methyl-4-azaindeno(3’:2’-1:2)fluorenone, 2137. 

6-Keto-7:8-[1’:2’-(3’-methylbenzo) ]-1:2-(2’:3’-indolo)-3:4- 
-9:10-dihydropyridocolines, 492. 

2-Keto-7-methyl-1:2-dihydro-l-oxa-8-azaphenanthrene metho- 
chloride, 769. 

“o> and -4-methyl-1:2-dihydropyridines, 1-hydroxy-, 


2-Keto-3- and -4-methyl-1:2-dihydroquinolines, 2094. 
4-Keto-1-methyl-1-ethylpiperidinium iodide, 711. 
(11-Keto-1-methylheneicosyl)malonic acid, ethyl ester, 1544. 
6-Keto-5-methylheptane-3-carboxylic acid, 2854. 
1-Keto-13-methylperhydrophenanthrenes, 7-hydroxy-, 1863. 
7-Keto-13-methylperhydrophenanthrene, |-hydroxy-, 1863. 
1-Keto-13-methyl-7-pérhydrophenanthryl hydrogen succinates 
and menthoxyacetate, 1863, 1864. 
4-Keto-2-methyl-1:2:3:4-tetrahydrofluoranthene, and its 2:4-di- 
nitrophenylhydrazone, 2185. 
7-Keto-6-methyl-4:5:6:7-tetrahydro[ 5:4-d]thiazolopyrimidine, 
2-hydroxy-, 1447. 
7-Keto-5-methylthio-2-benzyl-6-methyl-6:7-dihydrothiazolo- 
[5:4-d]pyrimidine, 1067. 
os cnre-eetenicetnemenietieneecnmeres 
6-Keto-2’-methylthio-1-methyl-1:6-dihydrothiazolo(5’:4’-4:5)- 
pyrimidine, 2333. 
7-Keto-5-methylthio-6-methyl-6:7-dihydrothiazolo[5:4-d]pyr- 
imidine, 1067. 
6-Keto-2’-methylthio-2-thio-1:2:3:6-tetrahydrothiazolo(5’:4’- 
4:5)pyrimidine, 2332. 
12-Keto-2-methyltricosoic acid, 1544. 
Ketone, C,,H,,0, and its derivatives, from oxidation of dé- 
hydroisorosenonolactone, 884. 
Ketones, cyclic, a8-unsaturated, reactions of, 350. 
halogenated, 552. 
reaction of, with a-aminonitriles and hydrogen sulphide, 
1061. 
reduction of, oy alcohols from, 2641. 
unsaturated, electric dipole moments of, 2957. 


and 
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Ketones, paPaneetentad, oxidation of, with alkaline hydrogen 
oxide, 665. 
reaction of, with 9- pence lithium and with 9-fluorenyl- 
magnesium bromide, 50 
urany] nitrate complexes of, 8 294. 
1-Keto-octahydropyridocoline, Clemmensen reduction of, 2095. 
1’-Keto-9:10-cyclopenteno-s-octahydrophenanthrene, and its 
2:4-dinitrophenylhydrazone, 172. 
a tei eccetrr arenes eee 
1-(3’-Ketopent-4’-enyl)cyclopentan-2-one-1-carboxylic 
ethyl ester, 712. 
5-Keto-2-phenyl-4-p-N -acetylsulphamylbenzylidene-4:5-di- 
hydro-oxazole, 179 
5-Keto-2-phenyl-4-4’-p-chlorophenylsulphonylbenzylidene-4:5- 
dihydro-oxazole, 179 
-5-Keto-3-phenyl-3:5-dihydro-1-oxa-2:3-diazole. 
Phenylsydnone. 
2-Keto-5-phenyl-1:2-dihydropyrazine, l1-hydroxy-, 2710. 
2-Keto-1-phenyl-1:2-dihydroquinolino(3’:2’-3:4)quinoline, 
its salts, 2823. 
4-Keto-1-phenyl-2:2-dimethylamyl cyanide, and its derivatives, 
3198. 


acid, 


See N- 


and 


6-Keto-2-phenyl-4: «-dimethyl-5:6-dihydro-1:3-oxazine, 348. 

gee neter nee eteenae 1-hydroxy-, 
2710. 

5-Keto-a-phenyl-£8-dimethylhexoic acid, 3199. 

5-Keto-2-phznyl-4-4’-p-methoxyphenylsulphonylbenzylidene- 
4:5-dihy: le, 179. 

4-Keto-1-phenyl-2-methylamyl cyanide, 
phenylhydrazone, 3199. 

ee eee 

710. 


and its 2:4-dinitro- 
1-hydroxy-, 


5-Keto-2-phenyl-4-p-methylsulphonylbenzylidene-4:5-dihydro- 
oxazole, 179 
5-Keto-2-phenyl-4-4’-p-nitrophenylsulphonylbenzylidene-4:5- 
dihydro-oxazole, 179 
5-Keto-2-phenyl-4-p-phenylsulphonylbenzylidene-4:5-dihydro- 
oxazole, 179. 
$-Keto-1-phenyl-1:2:3:9-tetrahydroacenaphthene-A and -B, and 
their 2:4-dinitrophenylhydrazones, 1088. 
4-Keto-2-phenyl-1:2:3:4-tetrahydrofluoranthrene, and its 2:4- 
dinitrophenylhydrazone, 1241. 
4-Keto-1-phenyl-1:2:3:4-tetrahydroquinoline, 
atives, 70, 2821, 2822. 
2-Keto-1-pheny]-1:2:1’:4’-tetrahydroquinolino(3’: 
oline, and its ethanolate, 2824. 
or ~ thane neat acre 


4-Keto-2-isopropylidenethiazoline, 2-amino-, and its deriv- 
atives, 2575. 
4-Keto-3-(2’-pyridyl)-2:3-dihydropyridocoline-1-carboxyiic acid, 
ethyl ester, and its picrate, 665 
Keto-steroids, reaction of, with thio-compounds, 2764. 
4-Keto-1:2:3:4-tetrahydrofluoranthrene 2:4-dinitrophenylhydr- 
azone, 1240. 
4-Keto-1:2:3:4-tetrahydro-2-naphthoic acid, 
nitro-, and 6-nitro-, 1888, 1889. 
7-Keto-5-thio-2-benzyl-4-methyl-4:5:6:7-tetrahydrothiazolo- 
[5:4-d]pyrimidine, 1068. 
7-Keto-5-thio-2-benzyl-6-methyl-4:5:6:7-tetrahydrothiazolo- 
[5:4-d ]pyrimidine, and its sodium salt, 1067. 
6-Keto-2-thio-2’-benzyl-1:2:3:6-tetrahydrothiazolo(5’:4’-4:5)- 
pyrimidine, 2332. 
7-Keto-5-thio-2-carboxymethylthio-6-methyl-4:5:6:7-tetra- 
hydrothiazolo[ 5:4-d]pyrimidine, 1068. 
4-Keto-2-thio-3-ethyl-5-()-acetanilidoallylidene)tetrahydro- 
oxazole, 1128. 
— eet y-anilinoallylidene)tetrahydro-oxazole, 


[5-(4-Keto-2-thio-3-ethyltetrahydro-oxazole) |[ 2-(3-ethylbenz- 
selenazoline) |[ -methin-5’-(3’-ethylrhodanine) |dimethin- 
merocyanine, 1124. 

[5-(4-Keto-2-thio-3-ethyltetrahydro-oxazole) |[2-(3-ethylbenz- 
selenazoline) |[ 8-methin-5’-(4’-keto-2’-thio-3’-ethyltetrahydro- 
oxazole) |dimethinmerocyanine, 1122. 

gO ee ee na ene ag To 
selenazoline) |-8-anilomethyldimethinmerocyanine, 1124. 

(8 Reto-biod-etylintrahyo onal [2 O-aihyibenr 
thiazoline) ]-8-anilomethyldimethinmerocy 


and its deriv- 


2’-3:4)quin- 


and 3-bromo-6- 
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Oe Se cehvemaly e-eiae 
thiazoline) |dimethinmerocyanine, 

[5-(4-Keto-2-thio-3-ethy’ stoteuharies-samaste)¥9-48-cthethens- 
pana ooo; | Teeter mmmereeriel 
cyanine, 

[5-(4-Keto-2-thio-3-ethyltetrahydro-oxazole) |[2-(3-ethylbenz- 
thiazoline) |[ 8-methin-5’-(4’-keto-2’-thio-3’-ethyltetrahydro- 
oxazole) |dimethinmerocyanine, 1121. 

(S-(4-Keto-2-thio-2-ethyltetrahydro-oxazole)|[2-(3-ethylthiazol- 
idine) ]-8-anilomethyldimethi 

(64 Kelo-®thi-t-thptetrahyaro-orazle j®@-thylhiao. 
idine) }dimethinmerocyanine, 1130. 

[644 Rato-® thlo-&-othototrenydro-axanole){9-(4-methyl-8- 
— thiazoline) |-8-anilomethyldimethinmerocyanine, 

[5-(4-Keto-2-thio-3-ethyltetrahydro-oxazole) |[ 2-(4-methyl-3- 
pa alae nn sony egal -(3’-ethylrhodanine) |di- 

m 


oeVy 














[6-14 Reto 6 tate &-othyitetshyéro-oxascle) {8-(4-methyt-8- 


ethyl-A‘-thiazoline) |[ 8-methin-5’-(4’-keto-2’-thio-3’-ethyl- 
tetrahydro-oxazole) |dimethinmerocyanine, 1122. 

[5-(4-Keto-2-thio-3-ethyltetrahydro-oxazole) |[2-(3-methyl- 
thiazolidine) |[ 8-methin-5’-(4’-keto-2’-thio-3’-ethyltetrahydro- 
oxazole) |dimethinmerocyanine, 1122. 

7-Keto-5-thio-6-methyl-4:5:6:7-tetrahydrothiazolo| 5:4-d ]pyr- 
imidine, 1067. 

ee ae ee 
imidine, 2-mercapto-, 1067. 

7-Keto-2-thio-2-methylthio-6-methyl-4: 5:6:7-tetrahydrothi- 
azolo[5:4-d pyrimidine, and its salts, 1 

5-Keto-3-thio-2-phenyl-4:6-dimethyl-2: 3: 4: 5-tetrahydro-1: 2:4- 
triazine, S 140. 

1-Keto-5:6:7-trimethoxy-1:2:3:4-tetrahydronaphthalene, and its 
2:4-dinitrophenylhydrazone, 3276. 

1-Keto-6:7:8-trimethoxy-1:2:3:4-tetrahydronaphthalene, and its 
2:4-dinitrophenylhydrazone, 3277. 

2-Keto-3:5:6-trimethyl-1:2-dihydropyrazine, 1-hydroxy-, 2709. 

1-Keto-5:6:7-trimethyl-1:2:3:4-tetrahydronaphthalene, and its 
2:4-dinitrophenylhydrazone, 3196. 

Ketoyobyrine, structure of, 1720. 
structure and synthesis of, 487. 

Kojic acid, formation of, by Aspergillus oryze from carbo- 
hydrates and from ethyl alcohol, 110. 

Kojic acid, bromo-, preparation of, 117. 


L. 


Lactones, unsaturated, 1419, 1423. 

N-Lactyl-N-o-carbomethoxyphenylglycine, methyl ester, 2941. 

1-Lactylindole-2-carboxylic acid, 3-hydroxy-, 3-acetyl deriv- 
ative, methyl ester, 2942. 

Levulic acid 2-pyridylhydrazone, 2548. 

Lanceol from oil of Santalum lanceolatum, 1582. 

isoLanostadiene, oxidation products of, 8 169. 

iso-“* y”’-Lanostatriene, oxidation products of, 8 168. 

Lanosterol, 570, 2038; S 167. 

Lanthanum, separation and purification of, 2506, 2508. 

Lateritiin-I and -II, 1022. 

Lead alloys with sodium, 923. 

Lead organic compounds, 919, 2983. 

Lead determination :— 
determination of, in organic compounds, 925. 

Lectures delivered before the Chemical Society, 522, 1042, 
1318, 2108, 2115. 

Lepidine derivatives, 3185. 

Lepidine, 2-chloro-5-nitro-, 3188. 

DL-n- and -iso-Leucines, 3:5-dinitrobenzoy! derivatives, S 132. 

DL-isoLeucine hydroxamic acid, 2094. 

pL-Leucyl-DL-isoleucine anhydride, 8 130. 

Libocedrus bidwillii, essential oil from, 838. 

Light, absorption of, 1890, 1898, 1902. 

Sr susceptibility of, determined by the Gouy 
met! 

Lithium bromide, exchange reactions of, with alkyl bromides 

in acetone, 270. 

bromide and chloride, catalytic halogenation with, 294. 

Léwigite, 2255. 

Lucidin, and its derivatives, 1244. 
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Luminol, substitution in, in relation to luminescence, 638. 
Lupin alkaloids, 663. 
Luteolin galactoside, 1535. 


Macrozamia riedlei, cyclitol from, 3199. 
macrozamin from, 2716 
Macrozamin, and its hexa-acety] derivative, 2716. 
Macromolecular compounds. under Compounds. 
Magnesium hydroxide, thermal decomposition of, kinetics of, 
8 36 


Magnetic susceptibility, determination of, by the Gouy method, 
134, 


of organic compounds, 2927. 
of rare-earth elements, 135, 136, 137, 139. 

Maize starch. See under Starch. 

Maleic acid, catalytic bromination of, 294. 

Maleinimides, substituted, reactions of, with thiols, 1515. 
N-substituted, condensation of, with thioureas, 1797. 

Malondialdehyde, amino-, benzoyl derivative, and its benzyl- 

amine salt, 1552. 
and its benzyl derivative, tetraethyl acetals, and chloro-, 
an’ its tetraethyl acetal, 1550, 1551. 

Malonic acid, metallic salts, dissociation constants of, 1371. 

(—)-Mandelamide 2:3:4- triacetyl B-glucosides and hexa-acetyl 
B-vicianoside, 2057. 

(—)-Mandelonitrile hexa-acetyl B-vicianoside, 2057. 

Manganese radio-nuclides, S 357. 

Manganous sulphate, oxidation of, by chromic acid in 
sulphuric acid, 3085. 

Mannich reaction with 3-aminobut-l-ynes, 782. 

Melanins, chemistry of, 2061. 

Melicope ternata, flavonols from bark of, 2157, 2162. 

Meliternatin, 2157. 

Meliternin, 2157. 
synthesis of, 2162. 

Melting points of substituted ureas, 2292. 

Memorial Lecture, V. M. Goldschmidt, 2108. 

cis- and trans-p-Menthane-3:6-diols, 2041, 2042. 

cis~p-Menth-1-ene-3:6-diol, 2041. 

N-Menthylphthalamic acids, esters, S 79, 80. 

Mercurials, fluoroalkyl, synthesis of, 2948. 

Mercury, self-diffusion of, in Ag,HgI,, 8 392. 

Mercury organic compounds, 733. 
molar refractions of, 72. 

Mercury dialkyls, preparation of, 75. 
dithizone complex, 547. 

Mercury determination :— 
determination of traces of, with dithizone, 541. 

B-Mesitoylpivalic acid, 1949. 

Mesityl oxide, dipole moments of, 2962. 

oxidation of, by hydrogen peroxide, 665. 
reaction of, with 9- fluorenyl-lithium and with 9-fluoreny]- 
magnesium bromide, 53. 

Mesitylene, iodine-catalysed, bromination of, 934. 

Metals, complexes of, and partition equilibria, 1841. 
determination of traces of, absorptiometrically, 537. 
dissolving, reduction by, 2531. 
effect of, on fluorination of hydrocarbons, 3026. 
passivity of, 3330; S 157. 

Metallic cyanides, structure of, 66. 
halides, reaction of, with benzaldehyde, 2601, 2613. 
salts, complex, constitution of, 2915. 

Metaphosphates. See under Phosphorus. 

Methane, iodofrifluoro-, reactions of, with ethylene and tetra- 

fluoroethylene, 2856. 
trinitro-, and its derivatives, dipole moments of, § 228. 
tetranitro-, physical properties of, 1553. 

2-Methanesulphonyl D-arabinose, 1237. 

2-Methanesulphonylbenziminazole, 3312. 

2-Methanesulphonylbenzoxazole, 3312. 

——— preparation and reactivity 
rs) ll 

a - earereerm cnn and 5-chloro-, and 6-nitro-, 

13. 


2-Methanesulphonyl-5-p-chlorophenyl-1:3:4-oxadiazole, 1921. 
2-Methanesulphonyl 3:4-diacetyl 6-methyl-p-arabinoside, 1237. 
6-Methanesulphonyl D-galactose dibenzyl mercaptal, 2545 
Sia ieee 3313. 

Q 
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2-Methanesulphonyl-5-p-methoxyphenyl-1:3:4-oxadiazole,1921. 
oe a-and £-methyl-p-arabopyranosides, 1237, 


2-Methanesulphonyl-5-phenyl-1:3:4-oxadiazole, 1921. 

eee 3:4-isopropylidene f-ethyl-p-arabinoside, 

3-Methanesulphonyl! 1:2-isopropylidene glucofuranose 5:6-carb- 
onate, 1362. 

ene 3:4-isopropylidene a-methyl-D-arabinoside, 


Methanol. See Methyl alcohol. 
Methinbis-[4-(2-benzylthio-5-thiazolone)], 1436. 
Methinbis-[4-(2-ethylthio-5-thiazolone)], 1436. 
3-Methoxalyl-5:5-dimethyl-2-isopropylthiazolidine-2:4-dicarb- 
oxylic acid, dimethy] ester, 2360. 
3-Methoxalyl-2:2:5:5-tetramethylthiazolidine-4-carboxylic acid, 
and its methy] ester, 2356. 
4-Methoxy-4’:3-ace-1:2- cene, 463. 
y-Methoxyacetoacetic acid 2:4- -dinitrophenylhydrazone, 3108. 
Methoxyacetone 2: 4-dinitrophenylhydrazone, 3103. 
2-Methoxy 5-amino-, w-bromo-5-nitro-, 
5-nitro-, and their derivatives, 1135. 
4-Methoxyacetoph 10-bromo-3-nitro-, 1135. 
w-chloro-3- amino-, and its 3-acetyl derivative, 554. 
7-Methoxy-3-acetyl-2-methylchromone 2:4-dinitrophenylhydr- 
azone, 2148. 
6-Methoxy-2-acetyl-3-methylcoumarone, and its 2:4-dinitro- 
phenylhydrazone, and semicarbazone, 2059. 
1-Methoxyacridone, 1496. 
1-(3-Methoxy-5-acridylamino)-2-(4-methyl-2-iminazolyl)- 
ethane, 1-8-chloro-, 265. 
ee 
-chloro- 
1-Methoxy-5-allylbenzene, 2:3-dihydroxy-, and 
derivatives, 437. 
p-Methoxyanilinium benzenesulphonate, 2686. 
2-( p-Methoxyanilino)-4-keto-5-isopropylidenethiazoline, 2576. 
4-p-Methoxyanilinopyrimidine, 2455. 
4’-Methoxy-3-anisoylfiavone, 5-hydroxy-, and its acetyl deriv- 
ative, 8-hydroxy-, anisoyl derivative, 5:8-dihydroxy-, and 
5:6:8-trihydroxy-, triacetyl derivative, 1561, 1562. 
5-Methoxyanthrone, |-hydroxy-, 2726. 
1-naphthylamine, 2287. 
1-naphthylamine, 2287. 
4-Methoxybenzotrifiuoride, 3-amino-, and its acetyl derivative, 
and 3-nitro-, S 99. 
3-hydroxy-, and 2: 5-dihydroxy-, and their derivatives, 3019. 
5-Methoxybenzotrificoride, 2-amino-, acetyl derivative and 
2-nitro-, § 98, 99. 
2-Methoxybenzoy! chloride, 5-nitro-, 1134. 
1-p-Methoxybenzoyldimethylthiosemicarbazides, 1165. 
1-p-Methoxybenzoyl-4:S-dimethylisothiosemicarbazide, 1920. 
2-Methoxybenzoylmalonic acid, 5-nitro-, ethyl ester, 1135. 
2~p-Methoxybenzoyl-3-methylcoumarone, 6- hydroxy-, and its 
derivatives, 2060. 
6-Methoxy-2-benzoyl-3-methylcoumarone, 2060. 
1-p-Methoxybenzoyl-4-methylthiosemicarbazide, 1165. 
1-p-Methoxybenzoyl-S-methylthiosemicarbazide, 1920. 
1-p-Methoxybenzoyl-4-phenylthiosemicarbazide, 1165. 
1-p-Methoxybenzoylthiosemicarbazide, 1165 
2-Methoxybenzthiazole, 5-chloro-, 3314. 
4-Methoxybenzyl chloride, 3:5-diiodo-, 2371. 
5-Methoxybenzyl cyanide, 2-nitro-, 1076. 
5-Methoxy-2-f-benzylaminocrotonylphenol, 2149. 
m-Methoxybenzylid tic acid, ethyl ester, and its 
monoxime, 3179. 
4-Methoxybenzylidenecyanoacetic acid, trans-2-hydroxy-, 8 13. 
Methoxybenzylidene-1:3-diones, 2137. 
yeaah mam ees as tae 
driodide, 1162 
9-Methoxybui-1-en-4-ol-1-carboxylic acid, lactone, 1429. 
y-Methoxybutyric acid, B-hydroxy-, and its acetyl derivative, 
esters, 3102. 
1-Methoxycarbazole, and its picrate, 1382. 
7-Methoxy-4-chloromethylcoumarin-3-carboxylic acid, chloride 
and ethy] ester, § 14. 
2-Methoxy-1-chloromethylnaphthalene, 1769. 
4-Methoxy-1-o-chlorophenylperinaphthan-l-ol, 1770. 
ee acid, 7-hydroxy-, ethy] ester, 
51. 
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6-Methoxycoumarin-4-carboxylic acid, 
ethyl ester, 2053. 
7-Methoxycoumarin-3-carboxylic acid, and its chloride and 
esters, § 13. 
7-Methoxycoumarin-4-carboxylic acid, 3-chloro-, and its esters 
and anilide, 2051. 
ee acid, and its derivatives, 
51. 
y-Methoxycrotonic acid, 3098, 3102. 
esters, 3102 
y-Methoxycrotonic acid, a-bromo-, and cis- and trans-forms, 
and af-dibromo-, 3105. 
3-(or 4-)Methoxy-1:2:7:8-dibenzanthracene, 847. 
7-Methoxy-3:4-dihydroquinoxaline, 2-hydroxy-, 1275. 
a-Methoxy-88-dimethylacrylic acid, 238. 
esters, 3096. 
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penta-chloro-, 909, 910. 
4-Methyl-4-carbethoxymethyitetrahydrothiazinium 1:1-dioxide 
chloride, 2440. 
4-Methyl-5-w-carbethoxy-n-valerylthiazol-2-one, and its 2:4-di- 
nitrophenylhydrazone, 2900. 
4-Methyl-5-w-carboxy-n-butylthiazole, 2900. 
4-Methyl-5-w-carboxy-n-butylthiazole, 2-amino-, 2900. 
2-mercapto-, 2901. 
4-Methyl-5-w-carboxy-n-butylthiazol-2-one, 2899. 
1-Methyl-3-carboxymethyl-4-(2’-methylthioethyl)cyclohex-2-en- 
2-one-l-carboxylic acid, or ester, and its p-bromo- 
. benzylthiuronium salt, 718 
4-Methyl-4-carboxymethyltetrahydrothiazine 
betaine, and its chloride, 2439. 
6-Methyl-2-(carboxymethylthio)pyrimidine, 4-amino-, 2455. 
4-Methyl-5- w-carboxy-n-pentylthiazole, 2-amino-, 2900 
2-mercapto-, 2901. 
4-Methyl-5-w-carboxy-n-pentylthiazol-2-one, 2900. 
4-Methyl-5-w-carboxy-n-propylthiazole, 2-amino-, 2900. 
2-mercapto-, 2901. 
4-Methyl-5-w-carboxy-n-valerylthiazol-2-one, 2900. 
B-Methylcellobioside, dianhydro-derivatives of, 2550. 
Sr and its picrate, 


1:1-dioxide 


Methyl-2-chloroethyl-3-chloro-n-propylamine, and its meth- 
iodide, 549. 

Methyl-2-chloroethylnitrosoamine, 551. 

4-Methyl-4-2’-chloroethyltetrahydrothiazinium 
chloride, 2440. 

9-Methyl-10-chloromethyl-s-octahydroanthracene, 2047. 

4-Methyl-2-chloromethylthiazole, and its salts, S 110. 

Methyl 2:2-dichlorovinyl ketone and its 2:4-dinitrophenylhydr- 
azone, 1434. 

2-Methylchromone, 7-hydroxy-, derivatives of, 3080. 

6-Methylcinchomeronic acid, and its derivatives, 2585. 

6-Methyicinchomeronimide, and its a-imine, 2585. 

4-Methylcinnoline, 8-amino-, 8-chloro-, and its picrate, and 
8-nitro-, 1370. 

6-Methylcinnoline, 3-chloro-4-hydroxy-, and its acetyl deriv- 
ative, 2399. 

Methylcitrinin, and its 2:4-dinitrophenylhydrazone, 873, 874. 

Methylcobalt triiodide, 2282. 

4-Methylcoumarin-3-carboxylic acid, 
derivatives, S 14. 

6-Methylcoumarin-4-carboxylic acid, 3-chloro-, and its ethyl 
ester, 2054. 

7-Methylcoumarin-4-carboxylic acid, 3-chloro-, 2053. 

5- and 6-Methylcoumarone-2:3-dicarboxylic acids, and their 
methyl esters, 2054. 

B-Methylcrotonic acid, y-hydroxy-, and its p-phenylphenacyl 
ester, 3097. 

CR anne eee, and its picrate, 


O-Methyl-N-daphnandrine, 2771. 

4-Methyldecanol, 1545 

et pe aE pe arn ge structure and synthesis 
of, and its 5:6-carbonate, 2846, 2 

hinmaeuna deena 2840, 

= structure and synthesis 
of, 2836 
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a-Methyl-2-deoxy-L-ribopyranoside, 2839. 
Pe ee structure and synthesis of, 


O-Methyldiaboline methiodides, 958. 
— :3-diphenyl-3-hydroxypropylammonium iodide, 
he :3-diphenyl-3-hydroxypropylammonium 

1 2, 
O-Methyl-N N-di-n-butylisourea, 1745. 
O-Methyldi-(2-chloroethyl)hydroxylamine, 550. 
_— -diethylamino-2’-acetyl-2’. -phenylbutyl)thiazole, 


grantee 1 5’-diethylamino-1’-phenyl-2’-methylpent-1’-enyl)- 
thiazole, 
4-Methyl-2-( Ay EPO ee 
azole, and its dipicrate, S 109. 
4-Methyl-2-(3’-diethylamino-1’-phenylpropyl)thiazole, and its 
dipicrate, S 109. 
2-Methyl-1-(3’-diethylaminopropyl)benziminazole, 5- and 6- 
chloro-, and their salts, 1399. 
5:6-dichloro-, and its dipicrate, 1400. 
Methyldiethylcarbinyl iodide, hydrolysis of, 2415. 
Methyldiethyl-2-(2:4:6-irichlorophenoxy)cthylammonium 
chloride and iodide, 2681, 2. 
N. -Methyl-00-diethyldaphnoline dimethiodide, 2773. 
Methyldiethyl-8:2-dipheng!-3-hydroxypropylammonium iodide, 


N-Methyl-N’ N’-diethyl-N-(3-methylamino-2-methoxypropyl)- 
urea, 1380. 
2-Methyl-3:6-dihydroacetophenone, and its 2:4-dinitropheny]l- 
hydrazone, 612. 
9-Methyl-3:4-dihydro-1:2-b th , 3:4-dihydroxy-, 2501. 
5-Methyl-A*:?-dihydrobenz-2:1:3-oxaselenazole, 7-nitroso-, 276. 
1-Methyl-1:4-dihydrocinnol-4-one, 5-, 7-, and 8-nitro-, 2407. 
6-Methyl-5:6-dihydro-2-pyrone, 4-hydroxy-, and its derivatives, 
1422. 
(3-(4-Methyl-1: an a ng 2’-dimethyl-4:4’- 
dipyridyl))dimethincyanine iodide, S 
2-Methyl-A*-dihydrothiapyran, 2753. 
4-Methyl-A*-dihydrothiapyran, and its methiodide, 2754. 
ee, and its picrate, 


5-Methyl-2-dimethylaminomethylphenol, 715. 
Methyl! O-dimethyldihydrocitrinin, 875. 
0 aparece and its derivatives, 875, 
876, 877. 
2-Methyl-4:5-dimethylhexahydrobenzoic acid, 2-fluoro-, methyl 
ester, 2748. 
2-Methyl-4:5-dimethyl-A‘-tetrahydrobenzoic 
methy] ester, 2748. 
2-Methyldinaphthyl, 39. 
N-Methyldi-(2-nitroisobutyl)amine, and its derivative, 1767. 
4-Methyldipheny! ether, 2:6-dinitro-, 2:6:4’-trinitro-, 2:6:2’:4’- 
tetranitro-, and 2:6-dinitro-4’-hydroxy-, 8 197, 198. 
—— :8-diphenyl-3-hydroxypropylmorpholinium iodide, 
150. 
Methyl-3:3-diphenyl-3-hydroxypropylpiperidinium iodide, S 150. 
wi :3-diphenyl-3-hydroxypropylpyrrolidinium iodide, 
150. 
N-Methyl-N N’-di-(a-phenylisopropyl)urea, 46. 
4’-Methyldiphenyl sulphone, 4-amino-, 257. 
5-Methyldipheny! sulphone, 2-hydroxy-, 386. 
Methyldi-n-propyl-3:3-diphenyl-3-hydroxypropylammonium 
iodide, 8 150. 
Methyldi-n-propylfiuorosilane, 2760. 
Methyldi-n-propyliodosilane, 2763. 
Methyldiisopropyliodosilane, 2762. 
12-Methyldocos-1-en-12-ol, 1544. 
N-Methylemetinetetrahydromethine, and its derivatives, S 63. 
Methyleneanthrone, 8S 86. 
9-Methyleneanthrone, reactions of, in sunlight, S 81. 
Methylenebis-N-acetamide, and its nitrate, 1633. 
Methylenebisamides, nitration of, 1633. 
Methylenebis-(2:2’-dinitroxydiethylamine), 1632. 
Methylenebisdiphenylarsine, 2897. 
oxide, and its derivatives, 2896. 
sulphide, 2897. 
Methylenebis-(V-methylurethane), 1635. 
Methylenebismorpholine, 1632. 
Methylenebis-N-nitroacetamide, 1634. 





acid, 2-fluoro-, 
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B-Methylenebutyric acid, a-hydroxy-, 3097. 

Methylenediamines, nitration of, 1631. 

Methylenedinitroamine, decomposition of, in aqueous solu- 

tions, 1650. 

salts of, 1641. 

4’:5’-Methylenedioxybenzomethylanilide, 2’-amino-, and 2’. 
nitro-, 1313. 

4’:5’-Methylenedioxybenzomethyl-1-naphthalide, 2’-amino-, and 
2’-nitro-, 1313. 

5: 6-Methylenedioxybenzthiazole, 2-mercapto-, 1506. 

2-(3’: 4’-Methylenedioxybenzyl)aminocyclohexanol, 
hydrochloride and ON-diacetyl derivative, 1313. 

2-(3": 4’-Methylenedioxybenzylideneamino)phenol, 2971. 

2-(3’:4’-Methylenedioxybenzyl)methylaminocy » and 
its derivatives, 1313. 

4’:5’-Methylenedioxybenzylmethylaniline, 2’-amino-, and 2’- 
nitro-, 1313. 

nS enpeotaien, 

[5:6-Methylenedioxy-3-ethylbenzthiazole][1-ethyl-2-pyridine]- 
methincyanine iodide, 1509. 

5:6-Methylenedioxyindole, 79. 

5:6-Methylenedioxy-2-methylbenzthiazole, 1506. 

[5:6-Methylenedioxy-3-methylbenzthiazole]{ 1-methyl-2-pyr- 
idine)methincyanine iodide, 1509. 

5:6-Methylenedioxy-2-methylindole, 79. 

6:7-Methylenedioxy-10-methylphenanthridone, 1313. 

3: + pa emeemeds teeetrenae B-mono- and 6:B-di-nitro-, 


and its 








2’-nitro-, 


oir ’-Methylenedioxyphenyl)benzoxazole, 2972. 
1-(3’:4’-Methylenedioxypheny] )-3-methyl-4-azafiuorenone-2- 
carboxylic acid, ethyl ester, 2138. 
1-(3’:4’-Methylenedioxypheny])-3-methyl-1:4-dihydro-4-aza- 
fluorenone-2-carboxylic acid, ethy! ester, 2138. 
3:4-Methylenedioxystyrene, 6:f-dinitro-, 79. 
2:5-endoMethylenecyclohex-3-ene-1-sulphonic 
ester, 49. 
Methylene-2-(p-methoxy-f-methylstyry!)-4:5-dihydro-oxazol-5- 
one, 4-hydroxy-, 177. 
9-Methyl-10-ethoxymethyl-s-octahydroanthracene, 2047. 
1-(5’-Methylethylamino-3’-ketoamy])cyclohexan-2-one-1-carb- 
oxylic acid, ethyl ester, and its hydrogen oxalate, 714. 
3-Methyl-2-ethylbenzaldehyde, 4:6-dihydroxy-, and its 2:4-di- 
nitrophenylhydrazone, 864. 
N-Methyl-O-ethyldaphnandrine, dimethiodide, 2772. 
2-Methyl-2-ethyldihydroglyoxaline, 4-mercapto-, 1063. 
Methylethylenedinitroamine, N-hydroxy-, 1636. 
9-Methyl-2-ethylfiuorene, 9-hydroxy-, 1514. 
cis- and trans-a-Methyl-y-ethylideneglutaric acids, and the 
trans-imide, 1705. 
4-Methyl-5-ethylresorcinol, and its derivatives, 864. 
st in sti wna cetees and its methyl ether, 
5 
[2-(4-Methyl-3-ethylthiazole) |[ 2-(3-ethyl-6:7-benzbenzthi- 
azole) |trimethincyanine iodide, 1128. 
~~ gga pa racaemmamaamamnaatcesa 
1 de, 1 506. 
[2-(4-Methyl-3-ethyl-A‘-thiazoline) |[5-(3-ethylrhodanine) }-a- 
anilomethyldimethinmerocyanine, 1123. 
2-Methyl-1-ethynylcyclohexanol, preparation of, 2025. 
2-Methyl-1-ethynylcyclohex-1l-ene, preparation of, 2025. 
4-Methyl-1-ethynylcyclohex-1-ene, 2028. 
O-Methyleugenol, 6-nitro-, 1871. 
2-Methylfluoranthene, and its picrate, 1514. 
synthesis of, 2182. 
8- trinitrobenzene complex of, 2185. 
10-Methylfiuoranthene, and its derivatives, 3216. 
11-Methylfiuoranthene, and its derivatives, 3215. 
2-Methylfluoranthene-3:4-dicarboxylic anhydride, 1514. 
Methyl 2-9’-fluorenyl-2-methyl-n-propyl ketone, and its deriv- 
atives, 53. 
N-Methylfiluoroacetamide, and N-nitroso-, 914. 
N-Methyl-N’-fluoroacetylurea, N -fluoro-, 915. 
a-Methyl-p-galactoside, dimethane- and ditoluene-sulphonyl 
derivatives, 2544, 2545. 
N-Methylglycine amide, and its hydrogen sulphate, 2336. 
Methylglyoxal, condensation of, with 2:4:5-triamino-6-hydroxy- 
pyrimidine, 2080. 
SS ee 5-amino-, hydrochloride, 
442. 


acid, methyl 
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9-Methylisoguanine, and its picrate, 2496. 
N-Methylheptylamine, salts of, 2096. 

Methylheptylaniline, and its picrate, 2096. 

5 eel cetera armas 7-hydroxy-, 


4-(6’-Methylcyclohexa-1’:3’-dienyl)but-3-en-2-one, and its 
derivatives, 741. 

3-Methylhexahydro-1:3:5-triazine, 1:5-dinitro-, 1604. 

1-Methylcyclohexane, 1-chloro-4-hydroxy-, 4-benzoyl deriv- 
ative, 618. 

2-Methylcyclohexanealdehyde, 1-bromo-, 740. 

2-Methylcyclohexanol, epimeric forms of, and their derivatives, 
1717. 

7 ~< acca and their derivatives, 

4-Methylcyclohexanol, 4-hydroxy-, and its cis- and trans-forms, 
and their derivatives, 326. 

etme, spectrum of, absorption, and structure, 


1-Methylcyclohexene, 4-hydroxy-, 4-acetyl and 4-benzoyl 
derivatives, and their derivatives, 618. 

4-Methylcyclohexene sulphide, 279. 

2-Methylcyclohex-l-enealdehyde, and its semicarbazone, 740. 

4-Methylcyclohex-3-ene-1:3-dicarboxylic acid, and its deriv- 
atives, 1585. 

1-Me‘shylcyclohex-1-en-4-ol, and its 3:5-dinitrobenzoate, 618. 

=.  ‘iernar tease 2(or 4)-hydroxy-, 


4-(2’-Methylcyclohex-1’-enyl)-but-3-en-2-one, and 
atives, 741. 

4-(4’-Methylcyclohex-1’-enyl)but-3-en-2-one, and its 
atives, 2029. 

by nae ee hea tam, and its derivatives, 


its deriv- 


deriv- 


8-(2’-Methylcyclohex-1’-enyl)-2:6-dimethylocta-1:3:5-trien-7- 
yne-l-carboxylic acid, 2027. 

8-(4-Methylcyclohex-1-enyl)-2:6-dimethylocta-1:3:5-trien-7-yn- 
l-carboxylic acid, 3126. 

ny OEE, 6-4’-hydroxy-, 

2534. 
nas: -enyl)-3-methylocta-4:6-dien-1-yn-3-ol, 
£8 -Matnyeyloner-I-enyl-6-methylctas :5-dien-7-yn-2-ol, 


8-(2’-Methylcyclohex-1’-enyl)-6-methylocta-3:5-dien-7-yn-2- 
one, and its derivatives, 2026. 

8-(4-Methylcyclohex-1-enyl)-6-methylocta-3:5-dien-7-yn-2-one, 
and its derivatives, 3126. 

5-(4-Methylcyclohex-1-enyl)-3-methylpent-2-en-4-yn-l-al, and 
its derivatives, 3126. 

5-(4-Methylcyclohex-1-enyl)-3-methylpent-1-en-4-yn-3-ol, 1- 
chloro-, 3125. 

1- and 2-Methylcyclohexyl pheny] sulphides, spectra of, absorp- 
tion, and structure, 391. 

4-Methylcyclohexyl methyl ether, 4-hydroxy-, and its a- 
naphthylurethanes, 333. 

cis-4-Methylcyclohexyl iodide, 4-iodo-, 331. 

trans-4-Methylcyclohexyl benzoate, 4-iodo-, 331. 

5’-Methyl-6-n-hexyl-3:4-benzocoumarin, 7-hydroxy-, 954. 

4-(2’-Methylcyclohexyl)butan-2-one, and its derivatives, 741 

4-(4’-Methylcyclohexyl)butan-2-one, and its derivatives, 2030. 

2-Methylcyclohexylearbinols, epimeric forms of, and their 
derivatives, 1011. 








5’-Methyl-6-n-hexyl-3:4-cycloh marin, 7-hydroxy-, 954. 
5’-Methyl-6-cyclohexyl-3:4-cycloh marin, 7-hydroxy-, 
955. 


8-(2’-Methylcyclohexyl)-6-methyloctan-2-one, and its 2:4-di- 
nitrophenylhydrazone, 2027. 

5-Methyl-2-n-hexyloxazole, and its salts, 1030. 

Methyl-2-hydroxyethyl-2-hydroxy-n-propylamine, and its 
picrate, 549. 

Methyl-2-hydroxyethyl-3-hydroxy-n-propylamine, and __ its 
picrate, 549. 

1-Methyl-2-1’-hydroxyethylpyrrolidine, and its picrate, 2097. 

4-Methyl-4-2’-hydroxyethyltetrahydrothiazinium _1:1-dioxide 
chloride, 2440. 

4-Methy!-3-hydroxymethylcyclohex-4-ene-1:2-dicarboxylic acid, 
lactone, 2034. 

6-Methyl-3-(1’-hydroxy-1’-methylprop-2’-enyl)cyclohex-4-ene- 
1:2-dicarboxylic acid, lactone, 2034. 
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6-Methyl-3-(1 apr f atennay een eerie 
1:2-dicarboxylic acid, lactone, 2033. 

6-Methyl-2-hydroxymethylpyridaz-3-one, 1252. 

4-Methyl-2-hydroxymethylthiazole, and its picrate, S 110. 

1-Methyl-2-1’-hydroxypiperidine, and its salts, 2096. 

Methyliminobis-n-valeronitrile, 2335. 

2-Methylimino-5-p-methoxyphenyl-3-methyl-2:3-dihydro-1:3:4- 
thiadiazole, 1166. 

2-Methylimino-5-phenyl-3-methyl-2:3-dihydro-1:3:4-thiadiazole, 
and its picrate, 1166. 

3-Methylindole, 5:6-dihydroxy-, 2065. 

5-Methylindole, S 231. 

3-Methylindole-2-carboxylic acid, methyl ester, S 139. 

3-Methylindolo-1’:2’-1:5-hydantoin, S 139. 

1-Methylindolo(3’:2’-3:4)isoquinoline, 2913. 

Methylmagnesium iodide, equilibrium of, with magnesium iodide 
and ether, 2649. 

a-Methylmalonic acid, a-amino-, a-phenylacetyl derivative, 
ethyl ester, 3225. 

B-Methylmaltoside, dianhydro-derivatives of, 2550. 

Methylmercuric hydroxide, trifluoro-, and its salts, 2950. 

2-Methyl-3:6-endomethylenehexahydrobenzoic acid, 2-fluoro-, 
methyl ester, 2748. 

2-Methyl-3:6-endomethylene-A‘-tetrahydrobenzoic 
fluoro-, methyl ester, 2747. 

4-Methylmorpholine, reaction of, with benzyl phosphates, 
phosphites, and pyrophosphates, 815. 

a; ae -morpholino-2’-acetyl-2’-phenylbutyl)thiazole, 


acid, 2- 


Pa aa ee and its 
dipicrate, S 109. 
1-Methylnaphthalene, 1-amino-, toluene-p-sulphonamide, 2722. 
2-Methylnaphthalene, reaction of, with N-nitrosoaceto-2- 
naphthalide, 37. 
2-Methyl-1:4-naphthaquinone, 3-chloro-5-hydroxy-, and 3:5- 
and 3:8-dihydroxy-, and their acetates, 1278. 
3-Methyl-8-naphthothiaxanthospiropyran, 2297. 
6-Methyl-1:5-naphthyridine, 2-chloro-, and 2-hydroxy-, 1159. 
2-Methylisonicotinic acid, 5-amino-, and its methyl ester, 2584. 
5-cyano-, ethyl ester, reaction of, with aqueous ammonia, 
2584. 
Methylnitroamine, S-benzylthiuronium salt, 1886. 
Methylnitroamines, amino-, nitration of, 1647. 
amino- and hydroxy-, properties of, 1641. 
3-Methylnon-1-en-4-yn-3-ol, 1:1-dichloro-, 1434. 
3-Methylnon-2-en-4-yn-6-ol-l-al semicarbazone, 1433. 
5-Methyl-10-norandrost-8(9)ene-3:6-diol-17-one, 2975. 
derivatives of, 2973. 
5-Methyl-10-norandrost-8(9)-ene-3:6:11-triol-17-one, and _ its 
diacetate, 2975. 
5-Methyl-10-norandrost-8(9)-ene-3:6:17-trione, and its tris-2:4- 
dinitrophenylhydrazone, 2975. 
5-Methyl-10-norandrost-8(9)-en-6-ol-3:17-dione, and its deriv- 
atives, 2975. 
5-Methyl-10-norandrost-8(9)-en-17-one, 3:6-dihydroxy-, 3:6- 
diacetyl and -dibenzoy] derivatives, 2975. 
N-Methylnorvaline amide, 2336. 
6-Methylocta-3:5-dien-7-yn-2-ol, 2034. 
6-Methylocta-3:5-dien-7-yn-2-one, 1433. 
9-Methyl-s-octahydroanthracene, and 9-chloro-, 172. 
and 9-chloro-, 9-cyano-, and 9-hydroxy-, and its 9-acetyl 
derivative, 2047, 2048. 
B-(10-Methyl-s-octahydro-9-anthranyl)propionic acid, 2047. 
13-Methyl-A ***""-octahydrophenanthrene, 1:7-dihydroxy-, pre- 
paration of, 1862. 
6-Methyloctan-2-one, and its semicarbazone, 1434. 
2:4-dinitrophenylhydrazone, 2034. 
3-Methylocta-1:4:6-trien-3-ol, 2034. 
6-Methylocta-3:5:7-trien-2-ol, 2034. 
6-Methylocta-3:5:7-trien-2-one, 2031, 2033. 
and its derivatives, 2034. 
5’-Methyl-6-n-octyl-3:4-cyclohexenocoumarin, 7-hydroxy-, 954. 
ee: 7-hydroxy-, 
55. 
2-Methyloxazolo(4:5-2’:3’)-y-pyrone, 1186. 
3-Methylpenta-2:4-dien-1-al, derivatives of, 1433. 
semicarbazone, 1825. 
3-Methylpenta-1:4-dien-3-ol, 2034. 
3-Methylpenta-2:4-dien-1-ol, 2034. 
O-Methyl-N N-cyclopentamethyleneisourea, 1737. 
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1-Methylcyclopentene, polymerisation of, 1928. 
sulphonation of, 1925 
3-Methylcyclopent-2-ene-1-carboxylic-1-acetic acid, 1585. 
Methylcyclopentenedisulphonic acids, barium salts, 1927. 
1-Methylcyclopentene-5-sulphonic acid, barium salt, 1927. 
2-Methylpent-2-en-4-ol 3:5-dinitrobenzoate, 2648. 
— reaction of, with 9-fluoreny]-lithium, 


3-Methylpent-2-en-4-yn-1-al, reactions of, 1430. 
ot  inaeparna tains hrmereteteenn: cepenare 


1-Methylcyclopentyl p-methoxypheny] ketone, 1953. 
2-Methylpent-4-yn-2-ol, 2698. 
13-Methylperhydrophenanthrene-A, 1:7-dihydroxy-, 1862. 
1-Methylphenanthrene, |-chloro-, and its picrate, 171. 
9-Methylphenanthridine, 9-tribromo-, 2579. 
10-Methylphenanthridinium chloride, 1940. 
eee acid, 3’:5’-dinitro-, methyl ester, 
B-2-Methylphenoxypropionic acid, f-4-chloro-, and its deriv- 
atives, 2037. 
B-8-Methylphenoxypropionic acid, 8-4-chloro-, and its deriv- 
atives, 2037. 
B-4-Methylphenoxypropionic acid, 8-2-chloro-, and its deriv- 


atives, 2037. 
saan: 3-2’-o-hydroxy-, 


#-Mettyl-242-phenybutan-3 -onyl)thiazole, and its picrate, 
110 
a a 2-phenyl-2-9’-fluorenylethyl ketone, and its derivatives, 


o-aatigt-84 1-phenylhydrazonoethyl)chromone, 2150. 
4-Methylphthalic anhydride, condensation of, with naphthalene, 
41 


4-4’-Methylpiperazino-2-(carboxymethylthio)pyrimidine, 
hydrochloride, 2455. 
4-N-Methylpiperazinopyrimidine, 2-amino-, 2455. 
N-Methylpiperidine, reaction of, with N:2’:4’:6’-tetrachloro- 
benzanilide in benzene, 908. 
4-Methyl-2-(2’-piperidino-1’-phenylpropyl)thiazole, and its di- 
picrate, S 109. 
1-Methyl-4-piperidone, and its hydrogen oxalate, 711. 
Methylpol~siloxanes, infra-red spectra of, 126. 
2-Methylpropane-1:3-diol, 2-amino-, picrate, 
hydrochloride, 550. 
N-Methyl-p-n-propylbenzamide, 521. 
Methylisopropylcyanamide, 101. 
N-Methyl-N’-isopropylguanidine picrate, 480. 
4-Methyl-3-isopropyl-5-methylenethiazoline-2-thione, 787. 
1-(2-Methyl-5-isopropylphenyl)-2: 5-dimethylpyrrole, 2885. 
4-O-Methyl-3-n , and its w-acetyl deriv- 
ative, 3081. 
4-Methyl-3-isopropylthiazole-2-thione, 788. 
N-Methyl-N-isopropylthiourea, 1744. 
O-Methyl-N-isopropylisourea, 1738. 
1-Methyl-4-isopropylxanthen, 1569. 
9-Methylpurine, 6-hydroxy-, 2333. 
6-hydroxy-2-mercapto-, 2333, 3005. 
6-Methylpyridazine, sulphone derivatives, 2066. 
6-Methylpyridazine, 3-hydroxy-, 3-benzy] derivative, 1253. 
2-Methylpyridaz-3-one, and 2-hydroxy-, 1252. 
6-Methyl-3-pyridazone, sulphone derivatives, 2066. 
6-Methyl-3-pyridazyl ethyl sulphone, 2068. 
3- and 4-Methylpyridines, 2-bromo-, 2092, 2093. 
6’-Methylpyridino(2’:3’:6:7)benzthiazole, 4’-chloro-, 
hydroxy-, 361. 
1-(Methyl-2-pyridyl)-2:5-dimethylpyrroles, 2885. 
5-Methylquinaldine, 4-hydroxy-, and its oxalate, 2662. 
— 4-chloro-, and 4-hydroxy-, and their salts, 


and sulphite 





propylr ? 


and 4’. 


3-Methyl-4-quinazolone, and its picrate, 1356. 

— 8-hydroxy-, gallium and indium complexes, 

[2-( EP OS Sten Oe eaaiie- 
cyanine iodide, S 1 

[9,(1: Methylguizoline)®-(1: “A “ate 4’-dipyridyl) }tri- 
methincyanine iodide, S 1 

(ae * 2'-dimethyl-4:4 ‘dipyridy]) jtri- 

thincyanine iodide, S 1 
4-6" “Methyl-3° Siiaiinastuendion 6- and 7-nitro-, 1017. 
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2-Methylquinoxaline, 2-dibromo-, 2579. 
6-chloro-3-hydroxy-, 2581. 

3-Methylquinoxaline, 2-hydroxy-3-chloro-, 2580. 

1 cree 2:3-dichloro-, and 2:3-dihydroxy-, 


Methylresorcinol, w-chloro-, w-amino-, 1595. 
oy pe gg 2885. 
a-Methylstyrene, Prins reaction with, 7 
8-Methyl-2-styrylquinoline, 4-amino-, ‘a its acetyl deriv- 
ative, 1804, 1805. 
2-Methylsulphinyl-9-methyladenine, 2495. 
2-Methylsulphonyladenine, 2495. 
p-Methylsulphonylbenzamidine, salts of, 2001, 2098. 
4-p-Methylsulphonylbenzylhydantoin, 182. 
p-Methylsulphonylcinnamic acid, a-amino-, a- -benzoyl deriv- 
ative, 179. 
p-Methylsulphonyldiphenylmethylamine, 180. 
2-Methylsulphonyl-9-methyladenine, 2495. 
8-Methylsulphonyl-1-naphthol, and its methyl] ether, 2152. 
p-Methylsulphonylphenylalanine, 179. 
9-p-Methylsulphonylphenylphenanthridine, and 7-nitro-, and 
their picrates, 706. 
5-Methylsulphonyl-3-phenyl-1:2:4-triazole, 1163. 
2-Methylsulphonylpyrimidine, 4:6-diamino-, 2495. 
3- and 6-Methyl-1:2:3:4-tetrahydrocarbazoles, picrates, 1388. 
2-Methyl-5:6:7:8-tetrahydrophenazine, 3016. 
1-Methyl-1:2:3:4-tetrahydro-1:4:9:10-tetra-aza-anthracene, 6- 
and 7-chloro-, and their derivatives, 1269. 
4-Methyltetrahydrothiapyran-4-ol, 2754. 
9-Methylthiaxanthylium salts, spiropyrans from, 2295. 
2-Methylthiazole-4-acetic acid, cthgl eaten, S$ 110. 
3-Methylthiazolidine-2-thione, 789. 
p-Methylthiobenzhydrol, 354. 
2-Methylthiobenziminazole, 3312. 
2-Methylthio-4-benzylidenethiazol-5-one, 2344. 
p-Methylthiobenzophenone, 355. 
2-Methylthiobenzthiazole, 5-chloro-, 3313. 
2-Methylthio-8-benzylthio-9-methylpurine, 
amino-2-mercapto-, 3 
ee and its 2:4- dinitrophenylhydrazone, 
719. 


6-amino- and 6- 


2-Methylthio-4-carbethoxythiazole-5-azo-f-naphthol, 1066. 
4-Methylthio-4-carbethoxythiazole, 5-amino-, and its acetyl 
derivative, 1066. 
re ae Se 
2-Methylthio-5-p-chlorophenyl-1:3:4-oxadiazole, 1921. 
2-Methylthio-5-p-methoxyphenyl-1:3: 4-oxadiazole, 1921. 
2-Methylthio-5:6-dimethoxybenzthi 1506. 
9-Methylthio-3: "7-diketo-4~carbomethoxy-4-methylnonane-1- 
carboxylic acid, methyl ester, 718. 
2-Methylthioethyl vinyl ketone, and its methiodide, 718. 
5-Methylthio-3-ketoamylmalonic acid, ethy] ester, 718. 
(5’-Methylthio-3’-ketoamyl)cyclopentan-2-one-1-carboxylic acid, 
ethyl ester, and its disemicarbazones, 718. 
Methylthiolcarbamic acid, cyano-, cyanomethylammonium 
salt, 1447. 
2-Methylthio-5-methoxybenzthiazole, 3313. 
5-Methylthio-3-methoxyphenyl-1:2:4-triazole, 1163. 
2-Methylthio-5:6-methylenedioxybenzthiazole, 1506. 
2-Methylthio-1-methylglyoxaline-4-carboxyamide, 
and its hydrochloride, 2332. 
7-Methylthio-2-methylheptan-5-one, 2-nitro-, and its 4-semi- 
carbazone, 718. 
2-Methylthio-9-methylpurine, 6-amino-8-mercapto-, 3006. 
8-Methylthio-9-methylpurine, 6-amino-, 3005. 
6-hydroxy-, 2333. 
2:6-dihydroxy-, 2332. 
6-hydroxy-2-mercapto-, 3004. 
2-Methylthio-3-methylthiazolium iodide, 5-amino-, 2340. 
5-acetyl derivative, 2339. 
4-Methylthio-5-phenyl-2:2-dimethyldihydroglyoxaline, and its 
derivatives, 1063. 
ee ne 


5-Methylthio-3-phenyl-4-methyl-4:1:2-triazole, 1921. 

2-Methylthio-5-phenyl-1:3:4-oxadiazole, 1921. 

8-Methylthio-9-phenylpurine, 6-amino-2-mercapto-, 3007. 
6-hydroxy-, 3006. 

5-Methylthio-3-phenyl-1:2:4-triazole, preparation of, 1163. 


6-amino-, 





5-amino-, 


5-amino-, 
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2-Methylthio-4-a-piperidinobenzylthiazole, 5-amino-, 
derivative, 2345. 

f-Methylthiopropionic acid, ethyl ester, methiodide, 717. 

2-Methylthio-3-isopropylthiazolium hydroxide, 5-amino-, 5- 
acetyl derivative, and its iodide, 2341. 

2-Methylthiopyrimidine, 5-nitro-4-amino-6-hydroxy-, 2495. 

2-Methylthiothiazole, 5-amino-, 5-acetyl derivative, and its 
hydriodide, 2340. 

2-Methylthiothiazole-4-carboxyamide, 5-amino-, and its deriv- 
atives, 1441. 

2-Methylthiothiazoline methiodide, 789. 

5-N’-Methyithioureido-2-carbethoxyamino-4-carbethoxythi- 
azole, 1071. 

4-N’-Methylthioureido-5-carbethoxy-2-benzylglyoxaline, 1073. 

4-N’-Methylthioureido-5-carbethoxy-2-methylglyoxaline, 1074. 

5-(N’-Methylthioureido)-2-carbethoxymethylthio-4-carbethoxy- 
thiazole, 1068. 

4-N’-Methylthioureido-5-carbethoxy-2-phenylglyoxaline, 1074. 

5-(N’-Methylthioureido)-4-carbethoxythiazole, 1067. 

5-( ~h -Methylthioureido)-2-mercapto-4-carbethoxythiazole, 
1067 


5-(N ’-Methylthioureido)-2-methylthio 4-carbethoxythiazol 
1066. 


5-acetyl 





5-N’-Methylthioureido-2-methylthio-1-methylglyoxaline-4- 
carboxyamide, 3004. 

5-N ’-Methylthioureido-2-methylthiothiazole, 4-cyano-, 3004. 

5-N |. aceasta eerie 
3 


S-Methylthiuronium benzoate, 2001. 

N-Methyltol p-sulphonamide, 1886. 

7-Methyl-2:9: 10-triaza-anthracene, 2541. 
3-Methyl-1:3:5-triazacyclooctane, 1:5-dinitro-, 1640. 
2-Methyltricosoic acid, and its semicarbazone, 1544. 
Methyltri-n-propylsilane, 2759. 

Methyl tri-(2-sulphoethyl)nitromethane, 49. 
5-Methyltryptophan, S 231. 
4-N’-Methylureido-5-carbethoxy-2-phenylglyoxaline, 1074. 
5-Methylureido-2-hydroxy-4-carbethoxythiazole, 1447. 
ee een eI 


-Mothytaric acid, 6-hydroxy-2:8-dimercapto-, 2332. 

£-Methylvaleryl-p1L-norleucine, a-bromo-, 130. 

N-Methylvaline amide, 2336. 

N-Methyl-1-valine, and its hydrochloride, 1026. 

3-Methyl xylosazone, 1605. 

3-Methyl xylose anilide, 1605. 

f-Methylxyloside, 3-bromo-, 1234. 

Michael reaction, 2182 

Microbalance. See under Balance. 

Mills—Nixon effect, 1524. 

Mimosa. See Acacia mollissima. 

Molecules, interaction and polarisation of, 753, 2663, 2781. 
inorganic, bond lengths in, 55. 

Molybdenum ions, quinque- and sexa-valent, oxidation—reduc- 
tion potential of, 140. 

Molybdenum bromides and dichloride, preparation of, 2981. 
fluorides, 2979. 
trifluoride, 2979. 

om. low surface pressures of, balance for measuring, 





Morpholine, reaction of, with phenylacetylene, 792. 

w-Morpholinoacetophenone, p-bromo-, and 2:4-dibromo-, 
hydrobromides, 1136. 

2-Morpholino-1-(3’-amino-4’-methoxypheny])ethanol, 1137. 

2-Morpholino-1-(5’-amino-2’-methoxyphenyl)ethanol hydro- 
bromide, 1137. 

4-Morpholinob ld hyde, 3:5-dinitro-, § 202. 

6-Morp holi throne, 2714. 

Poa a et mee elt hydrobromide, 1136. 

we :4’-dibromophenyl)ethanol hydrobromide, 

3-Morpholinobut-1-yne, and its derivatives, 781. 

2-(3’-Morpholino-1’-carbethoxy-1’-phenyl-2’-methylpropyl)-4- 
methylthiazole, S 112. 

2-(3’-Morpholino-1’-carbethoxy-1’-phenyl-2’-methylpropyl)- 
thiophen, S 114. 

Ores inane Ss -ehenetaraet)-Senaitet- 
thiazole, and its oxalate, 8 112 

2-(3’-Morpholino-1’ -carbethoxy-1’-phenylpropyl)thiophen, and 
its salts, S 114, 
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4-Morpholino-1-diethylaminopent-2-yne, and its dipicrate, 784. 
1-Morpholino-2:4-diphenylbutane, and its salts, 795. 
2-Morpholino-1:4-diphenylbutane, and its salts, 794. 
1-Morpholino-1:4-diphenylbut-3-yne, and its salts, 794. 
3-Morpholino-1:3-diphenylbut-l-yne, and its picrate, 795. 
3-Morpholino-1:4-diphenylbut-l-yne, and its salts, 794. 
4-Morpholino-1:3-diphenylbut-l-yne, and its salts, 795. 
—" and its hydrochloride, 


methiodide, S 154. 
——— eee and its hydrochloride, 
14 
or: oe :1-diphenylprop-l-ene, and its nea a 
151 
methiodide, S 152. 
2-Morpholinoethanol, preparation of, 503. 
aan aren eee eee 5-nitro-, hydrobromide, 
w-Morpholino-4-methoxyacetoph , and 3-nitro-, hydro- 
bromide, 1136. 
2-Morpholino-1-p-methoxyphenylethanol hydrobromide, 1137. 
3-Morpholinomethylcarvot t methiodide, 1101. 
N-Morpholinomethylethylenedinitroamime, 1636. 
N-Morpholinomethylmethylnitroamine, 1646. 
Morpholinomethylnitrourea, 1646. 
N-Morpholinomethylnitrourethane, 1646. 
4-Morpholino-2-phenyl-6-methyl-3-pyridazone, 2549. 
1-Morpholino-3-phenylpentan-4-one, and its picrate, S 108. 
1-Morpholinopropane, 2-chloro-, and its hydrochloride and 
picrate, 515. 
2-Morpholinopropane, |-chloro-, and its salts, 515. 
1-Morpholinopropan-2-ol, and its hydrochloride, S$ 112. 
preparation of, 515. 
2-Morpholinopropan-1-ol, and its a-naphthylurethane, 515. 
a-Morph i acid, ethyl ester, 515. 
2-(3’ -Morpholino-1’ -propionyl-1’-phenyl-2’-methylpropyl)- 
thiophen, S 115. 
2-(8’-Morpholino-1’-propionyl-1’-phenylpropyl)thiophen, and 
its hydrogen oxalate, S§ 115. 
2-4’-Morpholinopyrimidine, 
hydroxy-, 2494. 
Mucilage, methylated, hydrolysis products from, 529. 
seed, 1600, 1608. 
Myoporum laetum, ngaione from, 2778. 
Myristicin, synthesis of, 436. 











4:6-diamino-, and 4-amino-6- 


Naphthacene, oxidation of, 3062. 
£8-Naphthalaz-1:4-dione, 5-amino-, 1532. 
Naphthalene, acylation of, by Friedel-Crafts reaction, 8 99. 
and its picrate, constitution and magnetic susceptibility 
of, 2927. 
aza- -derivatives, electronic structure of, 971. 
condensation of, with 4-methylphthalic anhydride, 41. 
Naphthalene, dinitro- derivatives, reactions of, with alkali 
sulphides, 1187. 
3-(Naphthalene-1-azo)-1:2-diphenylindole, 3-2-hydroxy-, 2910. 
eee: 3-2-hydroxy-, 
Naphthalene-l-carbozylic acid, 5:6:7-trihydroxy-, and its 
triacetyl derivative, 3277. 
Naphthalene-2:3-dialdehyde, and its 2:4-dinitrophenylhydr- 
azone, S 228. 
a- and B-Naphthalenediazocyanides, configuration of, 333. 
Naphthalen xide-2-carboxylic acid, 1534. 
Naphthalene-2:3-dicarboxyimide, l-amino-, and 1-nitro-, 1534. 
Naphthalene-1:2-dicarboxylic anhydride, 6:7:8-trihydroxy-, 
3275. 
Naphthalene-2:3-dicarboxylic acid, 4-nitro-, and its anhydride, 
1534. 
a- and f-Naphthalenesulphinic acids, acid potassium salts, 
mol. wt. and structure of, 692 
association of, in nitrobenzene, 688. 
brucine salts, 695. 
Naphthasultone, action of Grignard reagents on, 384. 
and its derivatives, action of Grignard solutions on, 2151. 
periNaphthindane-1:2:3-trione, and its hydrate, 1137. 
Haphtho(2’: ’-11:12)fluoranthene, 1559. 
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Naphtho(2’:3’-3:4)fluoranthene-1’:4’-quinone, 1514. 

Naphthofiuorenes, synthesis of, 842 

Naphtho(1’:2’-1:2)fluorene, 846. 

Naphtho(2’:1’-2:3)fluorene, 847. 

Naphtho(1’:2’:1:2)fluorene-3’-carboxylic acid, 846 

Naphtho(1’:2’-1:2)fluorenone, 846. 

Naphtho(2’:1’-2:3)fluorenone, 847. 

Naphthoic acids, aminohydroxy-, 1887. 

a- and B-Naphthoic acids, association of, in benzene and nitro- 
benzene, 685, 686. 

2-Naphthoic acid, 6-amino-4-hydroxy-, synthesis of, 1887. 
4-chloro-, 3:4-dichloro-, 3-chloro-4-nitro-, 4-nitro-, 

4-nitro-3-amino-, and its 3-acetyl derivative, 1533. 

6-chloro-4-hydroxy-, and 6-nitro-4-hydroxy-, 1889. 

B-Naphthol, reaction of, with p- foe campers 812. 

2-Naphthol, l-amino., 1-acetyl erivative, acetate, 2294. 

Naphthols, amino-, preparation of derivatives of, 3434. 

Naphtho(2’:3’-1: 2)pyrene, and its picrate, 2168. 

B-Naphthothiaxanthospiropyran, 2296. 

Naphthoyltoluic acids, 41. 

2-Naphthyl 2-fluoroethy] ether, 776. 

1-Naphthylacetamidine, salts, 455. 

1-8-Naphthylallylpiperazine, and its dipicrate, 2833. 

a coupling of, with diazonium compounds, 
2282 

1-Naphthylamine, 8-nitro-, preparation of, 1314. 

2-Naphthylamine, 6- and 8- nitro-, separation of, 1040. 

-Naphthylaminophosphinic acid, ‘diethy! ester, 2925. 

4-1’-Naphthylaminopyridine, 3:4-2’-dinitro-, 2542. 

5-a-Naphthyl-3:4-benzacridine, and its picrate, 675. 

Naphthylcobalt triiodides, 2281. 

B-Naphthyldi-2-acetoxyethylamine, 2596. 

5-a-Naphthyl-3:4:5:6-dibenzacridine, and its picrate, 675. 

B-Naphthyldi-2-benzoyloxyethylamine, 2596. 

a- and £-Naphthyldi-(2-bromoethyl)amines, 1974. 

a-Naphthyldi-(2-chloroethyl)amine, 184. 

B-Naphthyldi-(2-chloroethyl)amine, and its picrate, 184. 
reactions of, in acetone, 2589, 2824 

a- and £-Naphthyldi-(2-chloro-n-propyl)amines, 1975. 

er acid, ethyl ester, 


a-Naphthyldi-(2-hydroxyethyl)amine picrate, 184. 
B-Naphthyldi-(2-hydroxyethyl)amine, and its picrate, 184. 

a- and £-Naphthyldi-(2-hydroxy-n-propyl)amines, 1975. 

a- and £-Naphthyldi-(2-iodoethyl)amines, 1974. 
3-Naphthyldimethylcarbinol, 2-amino-, 2404. 
1-8-Naphthyl-4-ethylpiperazine, and its dipicrate, 2833. 
B-1-Naphthylglutaric acid, 3180. 

1-8-Naphthyl-4-cyclohexy! piperazine, and its dipicrate, 2833. 
a and its dipicrate, 


and 


1-Naphthylidenebisacetoacetic acid, ethyl ester, and its mon- 
oxime, 3180. 


~~ -Naphthyl-lutidine-3-carboxylic acid, and its ethyl ester, 
2131. 


4-1’-Naphthyl-lutidine-3:5-dicarboxylic acid, ethyl ester, 2131. 
1-8-Naphthyl-4-methylpiperazine, and its dipicrate, 2833. 
1-8-Naphthyl-4-a-naphthylpiperazine, 2833. 
1-2’-Naphthylpropan-1-ol, 2725. 
8-a-Naphthylsulphonyl-4-methyl-1-naphthol, and its methyl 
ethor, 2152. 
8-a-Naphthylsulphonylnaphthalene, 1-hydroxy-, 386. 
ee spectrum of, absorption, ultra-violet, 
105. 


1:5-Naphthyridine, derivatives, 1157. 
Neurine. See Trimethylvinylammonium hydroxide. 
Neutrons, action of, on benzene, 3254. 
Neutron fluxes, weak, comparison of, using ethyl iodide, 1217. 
Ngaione, structure of, 2778. 
Nickel, catalytic Raney, catalytic hydrogenation of sulphonic 
esters with, § 1 
Nicotinic acid, Ai. its esters, N-oxides of, § 231. 
Ninhydrin, derivatives of, 1038 
experiments with, 212. 
reaction of, with a-amino-acids, 702. 
— penta-bromide and -chloride, vapour pressure of, 
223 


halides, $223, 472. 
Nitramide, decomposition of, amine-catalysed, in anisole 
solution, 1288. 
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Nitriles, reactions of, with 1:3-dienes, 1479, 1485. 
Nitroamines, 1631, 1633, 1635, 1638, 1641, 1647, 1650, 1657. 
BE we | dibasic, dissociation constants of, 1657. 
—_e action of diazomethane and diphenyldiazomethane 
on, 
Nitro-compounds, aliphatic, 42. 
aromatic, reactions of, with alkali sulphides, 1187, 1316. 
Nitrogen, utilisation of, by coliform bacteria, 372, 375, 380. 
Nitrogen oxides. See Dinitrogen tetroxide. 
Nitrogen organic compounds, absorption spectra of, 207. 
carcinogenic, chemistry of, 670, 2882. 
cyclic, reactivity of alkylthio-group in, 1503. 
heterocyclic, nitration of, 1367. 
Nitro-groups, replacement of diazonium groups by, 1624. 
Nitroparaffins, condensation of, with » dimethylaminobenz- 
aldehyde, 767. 
reactions of, 1766, 3374. 
Nitrosyl chloride, reactions of, 3135. 
solutions of, in dinitrogen tetroxide, S 218. 
(Nitroxy methylaminomethyl)(ethylaminomethyl)amine, 
NN’N” -trinitro-, 1648. 
Nonane, perfluoro-, 3024. 
Nonanecarboxylic acid, 9-bromo- and 9-fluoro-, and their 
ethyl and fluoroethy] esters, 1478. 
n-Nonylbenzacridines, and their picrates, 674, 675. 
9-n-Nonylphenanthridine, and its picrate, 706. 
DL-Norleucine, 3: 5-dinitrobenzoyl derivative, 8 132. 
DL-Norleucyl-DL-isoleucine anhydride, S 130. 
Norvitamin A, synthesis of derivatives of, 1516. 
Nuclei, reaction of high-energy particles with, S 366. 
Nucleotides, 582, 2476, 2487. 


o. 
Obituary notices :— 

William Carrick Anderson, 259. 

Einar Christian Saxtorph Biilmann, 534. 

Peter George Carter, 3082. 

John Henry Coste, 771. 

William Cullen, 259. 

Francis Henry Swinden Curd, 535. 

Rev. William Hughes, 1942. 

Frederick Alfred Mason, 260. 

Thomas Stewart Patterson, 1667. 

Samuel Edward Sheppard, 261. 

Marc Tiffeneau, 1668. 
9-s-Octahydroanthranylacetic acid, 2047. 
y-(9-s-Octahydroanthranyl)butyric acid, and its amide, 2047. 
f-(9-s-Octahydroanthranyl)propionic acid, 172. 
B-(9-s-Octahydroanthroyl)propionic acid, 2046. 
Octahydro-4:5-benzazul-6-ol, 1053 
Octahydro-4:5-benzazul-6-one, and its semicarbazone, 1053. 
Octahydro-7:7’-diacenaphthenyl, 3115. 

a - aan eae acid, and its methyl 

ester, 172. 
1:2:3:4:6:7:8:9-Octahydrophenoxaselenin-1:9-dione 

277. 


Octane, perfluoro-, 3024. 
Octane-1:2-diol di-1-naphthylurethane, 2999. 
Octan-7-one-1:4-dicarboxylic acid, ethyl ester, and its semi- 
carbazone, 719. 
Oct-1-en-1:7:8-trithiol triacetate, 623. 
Oct-1-en-3-yne-l-carboxylic acid, 606. 
Oct-1-en-3-yn-5-one-l-carboxylic acid, 
phenylhydrazone, 606. 
n-Octylbenzacr dines, and their picrates, 674, 675. 
p-Octyloxyphenyl cyanide, 3045. 
p-Octyloxy-N-phenylbenzamidine, 3044. 
4-sec.-Octylresorcinol, 955. 
Cnothera biennis, seed fat of, 2728. 
a-CEstradiol 3-(1’-glycery]) ether, 2535. 
Cstra-5(10)-en-17(8)-ol-3-one, 2535. 
CGstrogens, synthetic, related to triphenylethylene, 439, 442. 
Olefins, addition of dinitrogen tetroxide to, 2627. 
reaction of methy! radicals with, 2219, 2222, 2225. 
synthesis of aliphatic acids from, with carbon monoxide and 
steam, 2945. 
Olefins, a- and f-nitro-, Friedel-Crafts reaction with, 42. 
Olefin compounds, co-ordination, 3340. 
Olefin systems, a-methylenic reactivity in, 770. 


10-oxide, 


and its 2:4-diaitro- 
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Oleic acid, methy] ester, reaction of, with N-brom« inimide, 
939. 


2-Oleodimyristin, modifications of, 369. 

2-Oleodipalmitin, modifications of, 369. 

2-Oleodistearin, modifications of, 369. 

Oleum. See Sulphuric acid, fuming, under Sulphur. 

Optical inversion, Walden’s, and steroids, 1671. 

Opuntia fulgida, gum from, 1761. 

Organic compounds, !‘C-labelled, microsynthesis of, S ?~ 
chemiluminescent, 638, 1532. 
magnetic susceptibility of, 2927. 

Organo-metallic compounds, catalytic toxicity of, 2171. 
with fluorine, 2948, 2953. 

B-Orcinol, preparation of, 3279. 

Orobol, 1571. 

— acid, esters, modified Guttermann reaction with, 
3278 





Orthosilicates. See under Silicon organic compounds. 

Osmium tefroxide, rate of addition of, to aromatic double 
bonds, 456. 

1-Oxa-3:6-diazocycloheptane, 3:6-dinitro-, 1638. 

Oxalic acid, barium hydrogen salt, thermal decomposition of, 
S 267. 


3-Oxalo-2:2:5:5-tetra methylthiazolidine-4-carboxybenzylamide, 
2356. 


3-Oxalo-2:2:5:5-tetramethylthiazolidine-4-carboxylic acid, 2356. 
methyl ester, 2357. 

Oxalylbis-3-(4-carboxy methoxy-2-phenyl-5:5-dimethylthiazol- 
idines), 2356. 

Oxalylbis-3-(4-carbomethoxy-2:2:5:5-tetramethylthiazolidine), 
2357 


Oxanilic acid, 4-chloro-2-nitro-, ethyl ester, 1267. 

Oxazoles, Fischer synthesis of, 1028. 

Oxidation by hydroxy] radicals, 2427. 
involving free hydroxy] radicals, § 15. 

Oxindole-3-glyoxylic acid, 3011. 

Oxindole-3-spiro-5-(2-mercapto-A*-thiazoline-4-carboxylic acid), 
ethyl ester, 3011. 

a-3-Oxindolylideneacetamide, a-amino-, and its acetyl deriv- 
ative, 3011. 

a-3-Oxindolylideneacetomethylamide, a-hydroxy-, 3012. 

Oxy-acids, inorganic, structures of, 1282. 

Oxy-ions, structure of, 61. 

Oxysparteine, reduction of, 665. 


a 
Palladium dichloride, compound of nitrosyl chloride with, 
3135. 


Palmitic acid, p. -naphthyl ester, 2979. 

** Paludrine,”’ biurets and guanylureas mmmneens to, 1732. 
dithiobiurets and 1:2:4- isadies related to, 1739. 

Paraffins, reaction of, with sulphur vapour, 3379. 

Paraffins, nitro-. See Nitroparaffins. 

Particles, high-energy, reactions of, with nuclei, S 366. 

Passivity of metals, 3330; S 157. 

Pears, cellulose from cell-walls of, S 182. 

Penicillamine, and its methyl ester, condensation of, with 

phenylacetamidomalondialdehyde, 1553. 

methyl ester disulphide styphnate, 2365. 
synthesis of new analogue of, 1437. 

Penicillic acid, pheny] analogue of, 118. 
Penicillin, homologues, attempted. synthesis of, 345. 
radioactive, S 405. 

Penicillin field, syntheses in, 2351, 2357, 2362, 2367, 3216, 
3220, 3227, 3236. 

cycloPentadec-9-eno(1’:2’-2:3)indole, 2886. 

cycloPentadiene, catalysis of addition of, to benzoquinone, 


catalysis of dimerisation of, 3046. 
Pentalene, 964. 
Pentamethincyanine dyes, unsymmetrical, 32. 
2:3:4:7:9(or 10)-Pentamethoxyphenanthrene, 1083. 
2:2:4:6:6-Pentamethyl-A*-dihydrothiapyran, 2754. 
ee ena, a-amino-8-mercapto-, hydro- 
chloride, 1439. 
2:2:4:6:6-Pentamethyltetrahydrothiapyran-4-ol, 2754. 
2:2:3:5:5-Pentamethylthiazolidine-4-carboxylic acid, methyl 
ester, hydrochloride, 3220. 
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n-Pentane, thermal decomposition of, 2674. 
Pentane, 1:2-dibromo-3:4:5-trihydroxy-, 3:4:5-triacetyl deriv. 
ative, 253. 
1:1:1-trifluoro-, 2860. 
§-iodo-1:1:1-trifluoro-, 2859. 
l1-iodo-hepta- and -wndeca-fluoro-, 2860. 
Pentanecarboxylic acid, 5-bromo-, 2-fluoroethyl ester, 1476. 
5-fluoro-, ethyl and 2-fluoroethy] esters, 1475, 1476. 
DL-erythroPentane-1:2:3-triol triacetate, 8 47. 
cycloPentanone cyanohydrin, condensation of tolylene-2:4- 
diamine with, S 160. 
dipole moments of, 2963. 
reaction of, with diethylamine hydrochloride and para- 
formaldehyde, 828. 
cycloPentan-2-one-l-carboxylic acid, ethyl ester, sodium deriv- 
ative, condensation of, with 4-diethylaminobutan-2-one, 828, 
Pent-1-ene, 3:4:5-trihydroxy-, 3:4:5-triacetyl derivative, 253. 
1 -athne-t-engthte SruBéripdnany, 3:4:5-triacetyl derivative, 
1363. 
cycloPentenealdehyde 2:4-dinitrophenylhydrazone, 1828. 
:7-cycloF noline, 3-chloro-4-hydroxy-, and 4-hydr- 
oxy-, and their acetyl derivatives, 2402. 
7:8-cycloPentenocinnoline, 4-hydroxy-, 2403. 





pL-erythroPent-4-ene-1:2:3-triol triacetate, and its bromo- 


hydrins, 8 47. 
9:10-cycloPenteno-s-octahydrophenanthrene, 173. 
9:10-cycloPenteno-1:2:3:4-tetrahydrophenanthrene, 2048. 
4-cycloPent-1’-enylbut-3-en-2-one, and its 2:4-dinitropheny]l- 
hydrazone, 1829. 
— -enylbut-3-yn-2-o0l, and its 3:5-dinitrobenzoate, 
829. 


PR... EO ee ee and its 2:4-dinitrophenyl- 
hydrazone, 1829. 

Pentoses, determination of, spectrophotometrically, S 140. 
in nature, and their relationship to hexoses, 522. 

cycloPentylacetic acid, l-amino-, 3010. 

a-l-cycloPentylacetic acid, a-amino-a-l-mercapto-, 
chloride, 3011. 

1-cycloPentyl-1:2-diarylethylenes, synthesis of, 3156. 

1-cycloPentyl-1:2-di-(p-methoxyphenyl)ethylene, 3163. 

2-cycloPentyl-1:2-diphenylethan-l-ol, and its 3:5-dinitro- 
benzoate, 3161. 

1-cycloPentyl-1:2-diphenylethylene, 3163. 

cycloPentyl p-ethoxyphenyl ketone, and its 2:4-dinitrophenyl- 
hydrazone, 3163. 

1-cycloPentyl-2-( p-methoxypheny])-1-(p-ethoxypheny])- 
ethylene, 3163. 

cycloPentyl p-methoxyphenyl ketone, and its 2:4-dinitrophenyl- 
hydrazone, 3163. 

w-cycloPentyl-w-phenylacetophenone, and its dinitropheny]l- 
hydrazone, 3161. 

1-cycloPentyl-1-phenyl-2-(p-ethoxyphenyl)ethylene, 3162. 

1-cycloPentyl-2-phenyl-1-(p-ethoxyphenyl)ethylene, 3163. 

cycloPentyl pheny! ketone, and its derivatives, 3162. 

1-cycloPentyl-1-phenyl-2-(p-methoxyphenyl)ethylene, 3162. 

1-cycloPentyl-2-phenyl-1-(p-methoxyphenyl)ethylene, 3163. 

Pent-1-yne, 3:4:5-trihydroxy-, 3:4:5-triacetyl derivative, 253. 

DL-erythroPent-4-yne-1:2:3-triol, and its derivatives, S 47. 

Pent-1-yn-4-ol-1-carboxylic acid, methyl ester, 1427. 

Pent-3-yn-2-one, and its 2:4-dinitrophenylhydrazone, 612. 

Peptides, 2099. 

Per-acids, inorganic, catalytic activity of, 2989, 3420. 

Perbenzoic acid, action of, on lanosterol derivatives, 2038. 
oxidation of aromatic hydrocarbons with, 3060. 

Perborates. See under Boron. 

Perchloric acid. See under Chlorine. 

Perhydrophenanthrenecarboxylic acid, derivatives, 95. 

Perinaphthene series, isomerisation in, 1768. 

Periodates. See under Iodine. 

Peroxides, organic, reactions of, 2076. 

Phellandral, alcohols from, 350. 

a-Phellandrene, autoxidation of, 2040. 

B-Phellandrene, reaction of, with B-naphthol, 812. 

Phellandrol, and its esters, 351. 

o-Phenacylbenzoic acid, derivatives of, 1312. 

Phenacyltrimethylammonium - pepe 518. 

Phenanthraquinone, reactions of, in sunlight, 8 81, 83. 

a use of, as test for >CH-NH, group, 


hydro- 


Phenanthrene, aza-derivatives, electronic structure of, 971. 
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Phenanthrene, chloromethylation of, 171. 
derivatives, synthesis of, 3164. 
Phenanthrene, |-nitro-, 3175. 
Phenanthrene-9-carboxylic acid, preparation of, 3168. 
Phenanthrene-9-carboxylic acid, 2-chloro-, 2399. 
Pheranthrene-10-carboxylic acid, 3-cyano-, 3176. 
1-nitro-, 3175. 
Phenanthrene-3:10-dicarboxylic acid, and its ethyl ester, 3177. 
Phenanthreno(9’:10’ )-2:1:3-selenadiazole, 2888. 
Phenanthridines, 9-substituted, preparation of, from N-2-di- 
phenylylamidines, 703. 
Phenanthridine bases, quaternary, ionisation of, 1940. 
p-Phenanthroline, 4-substituted derivatives, 1017. 
p-Phenanthroline, 4-chloro-, 4:5- and 4:9-dichloro-, 9-chloro-4- 
hydroxy-, 4-hydroxy-, 4: 5- and 4: 9-dihydroxy-, 1020. 
o-Phenanthrolinodiethylauric salts, 3074, 3075. 
B-2-Phenanthryl-a-methylbutyric acids, 837. 
B-(9-Phenanilryl)propionic acid, 172. 
Phenazine, 1:4-dihydroxy-, 3015. 
Phenazines, hydroxy-, 3012. 
Phenetole s-triisocyanate, 1754. 
Phenetole, 2:4:6-iriamino-, 1753. 
Phenol, o-amino-, benzoyldiacetyl and dibenzoylacety] deriv- 
atives, 2669. 
chlorobromo-, chlorobromoiodo-, chlorobromonitro-, chloro- 
iodo-, and chloroiodonitro-derivatives, S 182. 
4-chloro-5-fluoro-2-nitro-, 3437. 
2-fluoro-4-amino-, -4-cyano-, and -4-nitro-, 2-iodo-4-cyano-, 
2:6-dtiodo-4-cyano-, and 2-nitro-4- -cyano-, 643. 
Phenols, from citrinin, ‘and their derivatives, 863. 
oxidation of, with benzoyl! peroxide, 3189. 
reaction of, with N-chloroacetanilide, 107. 
with ethyl acrylate, 2035. 
Phenols, 0-amino-, migration of acyl groups in, 2668. 
Phenol ethers, halogenation of, 1389. 
Phenolsulphonate resins. See under Resins. 
Phenoxyacetamide, 2:4:6-trichloro-, 2683. 
Phenoxyacetamidine, 2:4:6-trichloro-, hydrochloride, 2681. 
Phenoxyacetamidinium chloride, 2:4:6-trichloro-, 2683. 
4-Phenoxy-7-acetylcinnoline, 2407. 
4-Phenoxy-N-acetyl-1-phenylalanine, 3:5-dinitro-4-p-hydr- 
oxy-, ta toe derivative, ethyl ester, 3431." 
5-Phenoxyamyl bromide, 5-4’-cyano-, 644. 
Yi wr many 5-4-p-hydroxy-, 5-3:5-diiodo- 
4-p-hydroxy-, and 5-3:5-dinitro-4-p-hydroxy-, 3430. 
5-(4’-Phenoxybenzyl)hydantoin, 5-3:5’-diamino-, and its benzoyl 
— -3’:5-diiodo-, and -3’:5’-dinitro-4’-p-hydroxy-, 
203. 
4-Phenoxycinnoline, 7- and 8-nitro-, 2406. 
B-Phenoxycrotonic acid, 1430. 
7-Phenoxyheptanecarboxylic acid, 1476. 
6-Phenoxyhexyl bromide, 1476. 
6-Phenoxyhexyl bromide, 6-4’-cyano-, 644. 
6-Phenoxyhexylmalonic acid, and its ethy] ester, 1476. 
B-Phenoxy-f-(1-hydroxycyclohexyl)acrylic acid, lactone, 1429. 
trans-8-Phenoxy-f-(1-hydroxycyclohexyl)acrylic acid, and its 
methy] ester, 1429. 
2-(Phenoxymethy])-4:5-dihydroglyoxaline, 
hydrochloride, 2681. 
2-(Phenoxymethyl)-4:5-dihydroglyoxalinium chloride, 2-(2:4:6- 
trichloro)-, 2683. 
2-Phenoxy-6-methyl-1:5-naphthyridine, 1159. 
B-Phenoxypropionic acids, preparation of, 2035. 
B-Phenoxypropionic acid, B-o- and -p-bromo-, f-o- and -p- 
chloro-, and f-2:4-dichloro-, and their derivatives, 2036. 
3-Phenoxypropyl bromide, 3-4’-cyano-, 643. 
4-Phenoxyquinazoline, 1355. 
4-Phenoxyquinoline, 3- and 6-nitro-, 1371. 
Phenyl alkyl ethers, action of selenious acid on, 2196. 
benzyl hydrogen phosphate, and its silver salt, 819. 
isobuty] ether, 2:4:6-triamino-, 1753. 
2-chloroethyl and 2- hydroxyethyl sulphides, 1755. 
cyanide, alkylation of, by Friedel-Crafts reaction, S 229. 
dibenzy] phosphate, 818. 
2-ethoxyethy] sulphoxide, 2128. 
2-fluoroethy] ether, 775. 
—— thioether, 2:4-dinitro-, 280. 
3-methy1!-3-pyridazyl sulphoxide, p-nitro-, 2068. 
o- and p-nitrophenyl sulphides, spectra of, absorption, and 
structure, 393. 


2-(2:4:6-trichloro)-, 





3497 


Phenyl viny] sulphoxide, 2127. 
1-Phenylacenaphthene, 1088. 
Phenylacetamidine toluene-p-sulphonate, 455. 
Phenylacetamidine, p-chloro-, 226. 
p-nitro-, benzenesulphonate, 455. 
B-Phenylacetamido-n-butyric acid, and its methyl ester, 349. 
Phenylacetamidocarbethoxymethylthiazole, and its hydro- 
bromide, 2365. 
Phenylacetamidocarbethoxythioacetamide, 2365. 
2-[ Phenylacetamido(carbobenzhydryloxy)methyl|thiazole, 2366. 
ee and its derivatives, 


B-Phenylacetamido-a-dimethoxymethyl-n-butyric acid, hydr- 
azides and methy] esters, 349. 
3-Phenylacetamido-2:5-dimethyldihydropyrazine, 302. 
3-Phenylacetamido-2:5-dimethylpyrazine, 302. 
3-Phenylacetamido-2:5-diphenylpyrazine, 301. 
Phenylacetamidomalondialdehyde, and its mono-2:4-dinitro- 
phenylhydrazone, 1552. 
N-(8-Phenylacetamido-a-methoxymethyl-n-butyry]l )-p-peni- 
cillamine, 349. 
2-Phenylacetamidomethylth le, 2366. 
Phenylacetic acid, ethyl yore nitration of, in acetic anhydride, 
580. 





potassium hydrogen salt, crystal structure of, 3357. 
Phenylacetic acid, a-amino-, degradation of, with nitrobenz- 
aldehydes, S 166. 
a-bromo-, ethyl ester, preparation of, 314. 
p-fluoro-, preparation of, 2748. 
Phenylacetimino 2-chloroethy] ether hydrochloride, 1309. 
Phenylacetylene, reaction of, with sec.-amines, 792. 
Phenylacetylene, 5-bromo- and 5-chloro-2-nitro-, 2396. 
2-Phenylacetylene, 1-chloro-2-4’-chloro-, 205. 
2-(Phenylacetyl)fiuorene, 2- “p- -nitro-, 659. 
1-Phenyl-2-acetyl-3-methyl-4 » 
-p-amino-, and 1-m- ana -p-nitro-, 2139. 
p-Phenylalanine, B-p-mercapto-, and its hydrochloride di- 
hydrate, 1377. 
DL~Phenylalanine hydroxamic acid, 2094. 
N-Phenylamidinocyclohexane, and its picrate, 453. 
N-Phenyl-1-amidinocyclohexene, and its salts, 453. 
Phenylamino-. See Anilino-. 
Phenyl-o-aminophenyl-2-cyanoethylarsine, 72. 
a -pyridylethylene, and its picrate, 
Phenyl-o-aminophenyl-2-pyridylmethylcarbinol, and its acety| 
derivative, 2410. 
1-Phenyl-1-o-aminophenyl-2-2’-quinolylethylene, 2410. 
Phenyl-o-aminophenyl-2-quinolylmethylcarbinol, 2410. 
Phenyl n-amyl ketone nitrophenylhydrazones, 520. 
5-Phenyl-1-azabicyclo[3:3:1}nonane, and its derivatives, 1141, 
1144, 
Phenylazodeoxyaspergillic acid, S 130. 
6-Phenylazo-3-hydroxy-2:5-di-sec.-butylpyrazine, S 130. 
Phenylazotriphenylmethane, p-bromo-, 1809. 
Phenylbenzacridines, and their picrates, 673. 
5-Phenyl-1:2-benzacridine, and its picrate, 674. 
N-Phenylbenzamidine, N-p-bromo-, and its salts, 453. 
2-Phenylbenziminazole, 2-p-cyano-, 2-m- and -p-nitro-, and 
5(6):2-p-dinitro-, 2972. 
2-Phenylbenzoxazole, 2-m- and 6-amino-, 2-p-amino-, and its 
acetyl derivative, and 2-p-chloro-, 2972. 
o-Phenylbenzyl alcohol, preparation of, and its derivatives, 2892. 
a-2-Phenylbenzyl-c-allylmalonic acid, ethyl ester, 2187. 
aire eee picrate and reineckate, 


o-Phenylbenzyldimethylarsine, preparation of, 2892. 
5-Phenyl-2-benzylglyoxaline, 4-amino-, and its picrate and 
diacetyl derivative, 1073. 
o-Phenylbenzylpyridinium salts, 2892. 
2-Phenyl-4-(4’-benzylthiobenzylidene)oxazol-5-one, 1377. 
o-Phenylbenzyltrimethylarsonium iodide, 2892. 
Phenylbis-2-benzoylethylarsine, and its methiodide, 71. 
1-Phenyl-2:2-bis-p-methylthiophenylethane, 2-hydroxy-, 354. 
1-Phenyl-2:2-bis-p-methylthiophenylethylene, 354. 
Phenylbis-o-phenylbenzylarsine, 2893. 
1-Phenylbiuret, 1-p-chloro-, 1737. 
Phenylbromoacetamidoacetone, 301. 
w=(Phenylbromoacetamido)acetophenone, 301. 
Pheny! w-bromo-p-tolyl sulphone, 1376. 





and l-m- and 
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‘-Phenylbutadienylquinoline, 
derivative, 1804, 1805. 
2-Phenylbutane, 2-3:5-dihydroxy-, and its di-p-nitrobenzoate, 
865 


4-amino-, and its acetyl 


3-Phenylbutane, 2-p-nitroamino-, benzoyl] derivative, 699. 
4-Phenylbut-1-en-4-ol-1-carboxylic acid, and its methyl ester, 
1417 


2-Phenyl-2-butyl hydroperoxide, preparation and reactions of, 
2076. 


1-Phenyl-5-n-butylbiuret, 1-p-chloro-, 1738. 
N}-Phenyl-N*-butyldiguanides, N*-p-bromo-, 
105, 106. 
1-Phenyl-5-n-butyldithiobiuret, 1743. 
N-Phenyl-N’-n-butylguanylurea, N -p-chloro-, 1736. 
2-Phenyl-4-n-butylideneoxazol-5-one, 2728. 
Phenyl n-butyl ketone nitrophenylhydrazones, 520. 
1-Phenylbut-3-yn-1-ol, 2698. 
i ae acid, B-hydroxy-, partial asymmetric synthesis 
of, 3367. 
a-Phenylisobutyrohydroxamanilide, 46. 
a-Phenylisobutyrohydroxamy] chloride, 46. 
Phenylcarbamylmethylthiocarbamic acid, benzyl ester, 1448. 
ae le, and its hydrochloride, 
112. 
Phenylcarbinolamines, 1133. 
2-Phenyl-4-(4-carbomethoxy-5:5-dimethylthiazolin-2-yl)- 
oxazole, 2-amino-, hydrochloride, 3234. 
5-amino-, 5-acetyl derivative, and its hydrochloride, 3239. 
2-Phenyl-4-(4-carbomethoxy-5:5-dimethylthiazolin-2-yl)- 
oxazoline, 5-imino-, 3234. 
3-Phenylcarbostyril, 3-o-nitro-, 3175. 
N-Phenyl-a-carboxymethylthiosuccinimide, 1516. 
N-Phenyl-a-o-carboxyphenylthiosuccinimide, 1516. 
Se Ee and its methy] ester, 
57. 
N-Phenyl-o-chlorobenzamidine, and its salts, 453. 
N-Phenyl-2:4-dichlorobenzamidine, salts, 453. 
N’-Phenyl-N-2-chloroethylphenylacetamidinium chloride, 1309. 
Phenyl! 2-chloroethyl sulphone, 1756. 
Phenyl chloromethyl ketone, 4-chloro-, and its 2:4-dinitro- 
phenylhydrazone, and 4-chloro-3-nitro-, 206. 
Pheny! dichloromethyl ketone, 4-chloro-, 205. 
1-Phenyl-5-p-chlorophenylbiuret, 1737. 
N'-Phenyl-N5-p-chlorophenyldiguanide, 104. 
2-Phenyl-1-p-chlorophenyi-4:5-dihydroglyoxaline, salts, 1310. 
N-Phenyl-N ’-p-chlorophenylguanidine, 480 
Ce IR, 


hydrochlorides, 


1 Phenyl & pchloropheny-2 and -4-methyl-2- and -4-iso- 
biurets, 1 
N I heast- i" p-chdereghongl-5'~encthgltiguantio, 104. 
N = 2.p-chlorophenyl-N*-isopropyldiguanide acetate, 
Capen i-p-itegeatemtatnen, 314. 
a-Phenylcinnamic acid, o-amino-, and its acetyl derivative, and 
o-nitrosoamino-, acetyl derivative, 3168. 
derivatives, Pschorr reaction with, 3172. 
o-amino-a-p-cyano-, 0-chloro-a-p-nitro-, o-nitro-a-p-chloro-, 
and -a-p-cyano-, 3176 
o-amino-a-o-nitro-, o-nitro-a-p-amino-, and their acetyl 
derivatives, and o-hydroxy-a-o-nitro-, 3175. 
o-chloro-, 3169. 
3-chloro-, 2399. 
5-chloro-2-amino- and -2-nitro-, 2398. 
3-Phenylcinnoline, 4-chloro-, and 4-hydroxy-, 2397. 
Phenylcobalt tribromide, 2282. 
Faenylcyanamide, o-chloro-, 3037. 
p-chloro-, 2560. 
2-Phenyl-1:1-di-p-acetoxyphenylethylene, 444. 
2-Phenyl-1:1-di-p-acetoxyphenylethylene, 2-bromo-, 444. 
2-Phenyl-1:1-di-p-allyloxyphenylethylene, 443. 
2-Phenyl-1:1-di-p-benzyloxyphenylethylene, 443. 
Phenyldicyandiamide, p-bromo-, 102. 
2-Phenyl-1-3':4’-diethoxyphenylethanol, 
derivatives, 1682. 
2-Phenyl-1:1-di-p-ethoxyphenylethylene, 2-bromo-2-p-chloro-, 
and 2-p-chloro-, 441. 
2-chloro-, 444. 
4-Phenyl-2-(3’-diethylamino-1’-carbethoxy-1’-phenyl-2’-methyl- 
propyl)thiazole, S 112. 


2-amino-, and _ its 
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CO chine Yate esha 
hiazole, S 
2-Phenyl-2-diethylaminoethylcyclohexanone, 8 115. 
N'-Phenyl-N?:N*-diethyldiguanide, N+-p-chloro-, 482. 
N'-Phenyl-N*:N*-diethyldiguanide, N'-p-bromo-, and _its 
hydrochloride, 106. 
1-Phenyl-4:5-diethyl-4-isodithiobiuret, 1-p-chloro-, 1742. 
N-Phenyl-N’-(N N-diethylguanyl)urea, 1736. 
N’-Phenyl-N N-diethyl-p-nitrobenzamidine, N’-p-nitro-, 3323. 
1-Phenyl-2:4-diethyl-5-isopropyl-2:4-diisodithiobiuret, 1-p- 
chloro-, 1744. 
N \.Phenyl-N *:N‘-diethyl-N5-isopropyldiguanide, N*-p-chloro., 
hydrochloride, 480. 
1-Phenyl-4:5-diethyl-4-isothiobiuret, 1-p-chloro-, 1745. 
1-Phenyl-1:4-dihydro-2-acetyl-3-methyl-4-azafl and 
l-m- and -p-nitro-, 2139. 
10-Phenyl-9:10-dihydroarsanthridine, 2894. 
5-Phenyl-A*:’-dihydrobenz-2:1:3-oxaselenazole, 7-nitroso-, 276. 
2-Phenyldihydrobenzthiazine, 281. 
4-Phenyldihydrolutidine-3:5-dicarboxylic acid, 4-m-hydroxy-, 
4-m-acetyl derivative, ethyl ester, 2132. 
1-Pheny!-1:4-dihydro-3-methyl-4-azafluorenone-2-carboxylic 
acid, l-m- and -p-nitro-, ethyl esters, 2138. 
1-Phenyl-3:4-dihydroisoquinoline, disproportionation of, 2588. 
1-Phenyl-3:4-dihydroisoquinoline, dichloro-, nitro-,and dinitro- 
derivatives, 699, 700. 
1-Phenyl-1:2-dihydroquinolino(3’:2’-3:4)quinoline, and its 
hydrochloride, 2822. 
1-Phenyl-1:2-dihydroquinolino(3’:2’-3:4)quinoline-4-carboxylic 
acid, and its potassium salt and derivatives, 2822. 
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Phenyl-o-phenylbenzylarsonous acid, _ p-chloro-, and their 
8-p-chlorobenzylthiuronium salts, 2 

Paaieh-o-shausth mavttbasthetenesion jicrate, 2893. 

Phenyl-p-phenylbenzyldimethylarsonium romide, 2894. 

Phenyl 2-phenyl-2-9’-fluorenylethyl ketone, and its oxime, 54. 

N-Phenyl-N’-a-phenylisopropylurea, 46. 

N-Phenylphthalimide, N-2-chloro-5-nitro-, 3435. 
3-nitro-N-3’:5’-dinitro-, 2789. 

y-Phenylpimelic acid, preparation of, 3179. 

3-Phenylpiperidine picrate, 1144. 


3-chloro-9-p-chloro-7-nitro-, and 


Phenyl 3-piperidino-1:1-diphenyl-n-propyl ketone hydro- 
bromide, 655. 
ee, N-4-chloro-, and 


N-(4-chloro-2-amino)-, 
8-Phenylpivalic acid, Ppesetion of, and £-p-nitro-, 1948. 
Phenyipolysiloxanes, infra-red spectra of, 130. 


2-Phenylprop-1-ene, 2-3’-chloro-2’-amino-, 2’-acety] derivative, |. 
1370. 


eee, N-p-chloro-, and its salts, 2568, 
9. 


(+)-a-Phenylpropionic acid, silver salt, reaction of bromine 
with, 1510. 
ci om acid, §-4-chloro-3:5-dinitro-, ethyl ester, 
195. 


ppiaas ~isopropylalanine, 2346. 

1-Phenyl-5-isopropylbiuret, 1-p-chloro-, 1738. 

4-Phenyl-3-propylbut-3-en-2-one, and its 2:4-dinitrophenyl- 
hydrazone, 2699. 

1-Phenyl-2-propylbut-3-yn-1-o0l, 2699. 

N'-Phenyl-N*-propyldiguanides, N+-p-chloro-, 482. 

N'-Phenyl-N*-propyldiguanides, N}-p-bromo-, and their hydro- 
chlorides, 105. 

N'-Phenyl-N*-isopropyldiguanide, N*-p-chloro-, nitrate, 102. 

1-Phenyl-5-n-propyldithiobiuret, 1-p-chloro-, 1743. 

1-Phenyl-5-isopropyldithiobiuret, 1l-p-bromo-, l-m- and -p- 
chloro-, 1-3’;4’-dichloro-, and 1-p-iodo-, 1743. 

N-Phenyl-N’-tsopropylguanylurea, N-p-chloro-, and its hydro- 
chloride, 1736. 

3-Phenyl-5-isopropylidene-2-thiohydantoin, 2369. 

1-Phenyl-5-isopropyl-4-thiobiuret, 1-p-chloro-, 1745. 

2-Phenylprop-l-yne-l-carboxylic acid, 2-hydroxy-, and its 
derivatives, 119, 120. 

Phenylpyridines, 3181. 

Phenylpyridines, 2-chloro-, 3183. 

N-Phenylpyridinium 2: 6-dinitro-4-formylphenoxide, 
dinitro-, S 198. 

Phenyl-2-pyridylbenzylcarbinol, o-amino-, 2412. 

4-Phenyl-3-2’-pyridylcinnoline picrate, 2411. 

1-Phenyl-1-2’-pyridylethanol, 1-o-amino-, and its picrate, 2412. 

1-Phenyl-1-2’-pyridylethylene, 1-o-amino-, picrate, 2412. 

Phenylpyruvic acid, o-cyano-, 492. 
2-nitro-4:5-dihydroxy-, and its derivatives, 2064. 

Phenylquinolines, 3181. 

a-Phenylquinoline, a-3-chloro-, -3-chloro-2-nitro-, 

chloro-2-nitro-, and their picrates, 175. 

a-2:6-dinitro-, and its picrate, 175. 

1-Phenylisoquinoline, nitration of, 696. 

1-Phenylisoquinoline, diamino-, methiodides, synthesis of, 696. 

dichloro-, nitro-, and dinitro-derivatives, 700, 701. 

B-3-(4-Phenylquinolyl)acraldehyde, B-3-6:8-dinitro-, 824. 

Phenyl-2-quinolylmethylcarbinol, and its picrate, 2579. 

B-Phenylserines, synthesis of, 90. 

8-Phenylserine, f-4-amino-, f-4-nitro-, and its ethyl ester 
hydrochloride, 92 


N-2:4- 


and -5- 
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Phenylsilanols, infra-red spectra of, 130. 
5-Phenylsorbic acid, and its methyl ester, 1418. 
N-Phenyl-p-sulphonamidobenzamidine, and 
sulphonate, 453. 
v-Phenylsulphonamidotriphenylearbinol, 386. 
S-2-Phenylsulphonylethylcysteine, 2128. 
2-Phenylsulphonylethylthioacetic acid, barium salt, 2128. 
4-Phenylsulphonylbenzaldehyde, 4-2’:5’ -dihydroxy-, and 4-p- 
nitro-, 178. 
4-p-Phenylsulphonylbenzylhydantoin, and 4-4’-p-chloro-, 182. 
4-Phenylsulphonylbenzylidene diacetate, 178. 
p-Phenylsulphonylbenzylmalonic acid, p-amino-p’-nitro-, ethyl 
ester, 1376. 
4-Phenylsulphonyl-8-/ert.-butylsulphonyl-1-naphthol, 2152. 
p-Phenylsulphonylcinnamic acid, and 4-p-chloro-, 4-2’:5’-di- 
hydroxy-, and 4-p-nitro-, 179. 
p-Phenylsulphonylcinnamic acid, 
ative, 179. 
4-p-amino-, acetyl derivative, 180. 
p-Phenylsulphonyldiphenylmethylamine, 180. 
3-Phenylsulphonyl-2-ethoxypropane, 1-chloro-, 2205. 
2-Phenylsulphonylethylthioacetic acid, 1756. 
o-2-Phenylsulphonylethylthiobenzoic acid, 1756. 
S-2-Phenylsulphonylethylcysteine, 1756. 
ae: ieee tana ene and its methyl ether, 
52 
8-Phenylsulphonyinaphthalene, 1- hydroxy-, 385. 
heny’ phonyl-1-naphthol, and its 


its benzene- 


a-amino-, a-benzoyl deriv- 











yl-8 


en ether, 2152. 

p-Phenylsulphonylphenylalanine, and 4-amino-, 4-p-chloro-, 
and 4-p-hydroxy-, 179. 

se, B-p-p’-amino- and -nitro-, 


1-p-Phenylsulphonylphenylethylamine, and its hydrochloride, 
180 


2-p-Phenylsulphonylphenylethylamine hydrochloride, 180. 

2-p-Phenylsulphonylphenylethylamine, 2-4’-p-amino-, and 
2-4’-p-chloro-, 2-4’-2”:5”-dihydroxy-, hydrochlorides, 180. 

B-p-Phenylsulphonylphenylpropionic acid, and £-4-p-amino-, 
and its acetyl derivative and hydrochloride, and f-4-p- 
chloro-, and B-4-2’:5’-dihydroxy-, 180. 

See aaa, 3-bromo-, 3-chloro-, and 3-iodo-, 
2205. 


ae aa ee, and its benzoyl derivative, 


4-Phenylsulphonyl-8-p-tolylsulphonyl-1-naphthol, 2152. 
N-Phenylsydnone, and its bromo-derivatives, ultra-violet 
absorption spectra of, 8 105. 
and bromo- and chloro-derivatives, dipole moments of, 748. 
N-Phenylsydnone, C-bromo-, N-p-chloro-, and N-p-nitro-, 313, 
314. 


1-Phenyltetrahydroacenaphthene-X and -Y, 1088. 

1-Phenyl-1:2:3:4-tetrahydroisoquinoline, derivatives of, 2589. 

2-Phenyl-1:2:3:4-tetrahydroisoquinoline, 2:7-diamino-, 7-amino- 
2-p-chloro-, 7-nitro-2-p-amino-, 7-nitro-2-p-chloro-, and their 
derivatives, 1803. 

B-Phenyltetrahydro-4-thiazinylpropionic acid, 8-3:4-dihydroxy-, 
1:1-dioxide, 2439. 

N'-Phenyl-N?:N?:N5:N*-tetramethyldiguanide, N*-p-chloro-, 
hydrochloride, 481. 

5-Phenyl-1:3:4-thiadiazole, 2-amino-, and its benzoyl deriv- 
ative, and 2-amino-5-p-nitro-, 1165, 1166. 

2-Phenyl-4-3’. -thianaphthenylmethyleneoxazol-5-one, 1378. 

4-Phenylthiazole, 5-amino-2-hydroxy-, and its derivatives, 

1445. 


2-Phenylthiazolid-4-one, 2636. 

3-Phenylthiazolid-4-one-5-acetoethylamide, 2-imino-, 1798. 

Phenylthioacetamide, a-amino-, and its a-acetyl derivative, 
1064. 


5-Phenylthioacetamido-2-benzylthiazole-4-carboxyamide, 1442. 
2-Phenylthiodiethyl sulphone, 2439. 
S-2-Phenylthioethylcysteine, 2127. 

2-Phenylthioethylthioacetic acid, 2126. 
B-(2-Phenylthioethylthio)propionic acid, 2127. 

as aii alammaaamalaaiaiaa 5a ar nemmrean ee 


“7 a ee 
1. 


5-(Phenylthioformamido)-1-methyl-2-methylthioglyoxaline-4- 
carboxyamide, 2332 
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5-(Phenylthioformamido)-2-methylthiothiazole-4-carboxy- 
amide, 2331. 

3-Phenylthio-6-methylpyridazine, 3-p-nitro-, 2068. 

3-Phenyl-2-3’-thionaphthenylindole, 2887. 

ae acid, §-hydroxy-a-o-amino-, 
‘potassium salt 

Phenylthiourea, o-chloro-, preparation of, 3037. 

Phenylthiyl radical, action of heat on, 889. 

N-Phenyl-p-toluamidine, and N-p-chloro-, and their salts, 
453 


N'-Phenyl-N*-p-tolyldiguanide, N+-p-chloro-, 104. 

2-Phenyl-1-p-tolyl-4:5-dihydroglyoxaline, salts, 1310. 

N-Phenyl-N’-p-tolylguanidine, N -p-chloro-, 481. 

N-(N-Phenyl-N’-p-tolylguanyl)-N ’-isopropylthiourea, N-N-p- 
chloro-, 481. 

1-Phenyl-1-p-tolyl-3-morpholinopropyl cyanide, and its hydro- 
chloride, 506. 

1-Phenyl-1-p-tolylpropyl cyanide, 3-bromo-, 506. 

N'-Phenyl-N?-p-tolyl-N 5-isopropyldiguanide, 
acetate, 481. 

Phenyl] p-tolyl sulphone, p-nitro-, 1376. 

C-Phenyl-N-p-tolylsydnone, 314. 

N-Phenyl-N’-p-tolylthiourea, N-p-chloro-, 480. 

3-Phenyl-1:2:4-triazole, and 3-p-chloro-, 1162. 

3-Phenyl-1:2:4-triazole, 5-hydroxy-, 1922. 

5-hydroxy-3-p-chloro-, 1923. 

3-Phenyl-1:2:4-triazole-5-thiol, 1161. 

3-Phenyl-1:2:4-triazole-5-thiol, 3-p-chloro-, 1162. 

N’-Phenyl-N N N’-trimethylaminobenzamidinium iodides, and 

N’-m- and -p-amino-, 3324. 

N’-Phenyl-N N N’-trimethylbenzamidinium iodides, N’-m- and 
-p-amino-, and the p-acetyl derivative, and N’-m-nitro-, 
3324. 

N’-p-nitro-, 3325. 
1-Phenyl-4:5:5-trimethyl-4-isobiuret, 1-p-chloro-, 1737. 
N’-Phenyl-N N N’-trimethyl-p-carbethoxyaminob midinium 
bromide, N’-p-amino-, 3324. 
N*-Phenyl-N!:N°5:N°-trimethyldiguanide, 104, 2559. 
N’-Phenyl-N N N’-trimethyl-p-methoxybenzamidinium iodides, 
N’-m- and -p-nitro-, 3324. 
1-Phenyl-2:3:4-trimethylnaphthalene, 1-2’-amino-, and 1-2’- 
nitro-, 635. 
N’-Phenyl-N N N’-trimethyl-1i-nitrobenzamidinium 
N’-p-nitro-, 3324. 
2-Phenylureido-4-keto-5-isopropylidenethi ne, 2576. 
8-Phenylvaleric acid, (—)-y-chloro-y- abisese- , rotatory dis- 
persion and circular dichroism of, 3116. 

N-Phenylveratramidine benzenesulphonate, 453. 

8-Phenyl-a-vinylpropionic acid, 8-hydroxy-, methy] ester, 1417. 

Phenyl vinyl sulphone, 1756. 

Phormium tenaz, hemicellulose of, 121. 

Phorone, dipole moments of, 2962. 

Phosphoric acid. See under Phosphorus. 

Phosphorus, fertiliser uptake of, by plants, S 410. 

‘tisotope, carrier-free, preparation of, from pile-irradiated 

phur, 8 326. 
radiation damage to plants by, S 416. 
study of fertiliser uptake using, S 410. 
Phosphorus dichlorofluoride, preparation of, 2924. 

halides, reaction of, with hydroxy-compounds in absence and 
presence of tertiary bases, 2309, 3326. 

Phosphoric acids, condensed, and their salts, 413, 423, 427, 
2693. 


Metaphosphates, 413. 

Polyphosphates, 427. 

Pyrophosphates, 423. 

Trimetaphosphates, dissociation constants of, 2693. 

Phosphorus organic compounds, esters, 635, 2921. 

Phosphoric acid, esters, reaction of, with tertiary bases, 815. 

— acid, esters, reaction of, with tertiary bases, 
5 

meee acid, esters, reaction of, with tertiary bases, 
815. 


N}-p-chloro-, 





iodide, 





Phosphorylase, potato, amylose synthesis by, 1448. 
Phosphorylation, 815. 
Photochemical reactions, 1039. 

in sunlight, 8 81, 83. 
Phthalamic acid, cyclohexyl] ester, S 79. 
Phthalamic acids, N-substituted esters, S 77. 
Phthalanilic acid, cyclohexyl ester, 8 79. 
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Phthalaz-1:4-dione, 5-chloroamino-, 5-acetyl derivative, 640, 

Phthalimidoacetone, preparation of, 266. 

o-Phthalimidobenzoic acid, trans-4-isopropylcyclohexyl ester, 
2644 


N-2-(Phthalimidomercuriethyl)mesidine, 734. 

Phthalocyanines, structure of, 66. 

Phthalyl-p1-glutamic acid, and its derivatives, 3317. 

Phthalyl-t-glutamic acid, and its derivatives, 3318. 

Phthalyl-p1-glutamine, 3317. 

Phthalyl-.-glutamine, 3318. 

Phthalyl-1-y-glutamyl-.-glutamic acid, ethy] ester, 3319. 

Phthalyl-y-p1-glutamylglycine, 3318. 

Picolinic acid, amide and ammonium salt, l-oxides of, S 134. 

Picotinic acid, 3-amino-, derivatives of, 3308. 

a-Picolinium ion, heat of ionisation of, 760. 

Picric acid, constitution and magnetic susceptibility of, 2927 

neoPicrotoxinic acid, bromo-, 811. 

Picrotoxinin, hydrogenation of, 806. 

neoPicrotoxinin, and its derivatives, 810. 

Picrylpyridinium 2:6-dinitro-4-formyl- and -4-methyl-phen- 
oxides, § 198, 199. 

Piperazines, 1:4-disubstituted, preparation of, 2831. 

Piperidine derivatives, synthesis of, 1141. 

3-Piperidine-1:4-diphenylbut-1l-yne, and its salts, 795. 

3-y-Piperidinepropylamino-2 ptoqui 6- and 7- 
chloro-, 1266. 

w=Piperidinoacetophenone, p-bromo-, hydrochloride, 1136. 

2-Piperidino-1-(3’-amino-4’-methoxy phenyl)ethanol, 1137. 


line 





2-Piperidino-1-(5’-amino-2’-methoxyphenyl)ethanol hydro- 
bromide, 1137. 
4-Piperidino-2-(carboxymethylthio)pyrimidine hydrochloride, 


2455. 
1-Piperidino-4-diethylaminopentane, and its dipicrate, 784. 
1-Piperidino-4-diethylaminopent-2-yne, and its derivatives, 784. 
a-Piperidino-88-dimethylacrylic acid, ethy! ester, 3097. 
y-Piperidino-aa-diphenylbutyric acid, and its derivatives, 655. 
1-Piperidino-3:3-diphenylheptan-4-one hydrobromide, 654. 
— and its hydrobromide, 


5-Piperidino-3:3-diphenylpentan-2-one, and its salts, 654. 
— :1-diphenylpropane, and its hydrochloride, 655 ; 


methiodide, S 154. 
a ah :1-diphenylprop-l-ene, and its hydrochloride, 
151. 
methiodide, 8S 152. 
8-Piperidino-1:1-diphenyl-n-propyl cyanide, and its salts, 654. 
w-Piperidino-2-methoxyacetophenone, 5-nitro-, hydrobromide, 
1136. 





w=Piperidino-4-methoxyacetoph e, 
bromides, 1136. 
2-Piperidino-1-p-methoxyphenylethanol hydrobromide, 1137. 
2-Piperidino-3-methylbut-1-en-3-ol-l-carboxylic acid, lactone, 
1428. 
Piperidinomethyldurenol, 625. 
a-Piperidino-f-methylenebutyric acid, sulphate, 3097. 
2-Piperidino-6-methyl-1:5-naphthyridine, and its picrate, 1159. 
4-Piperidino-6-methylpyrimidine picrate, 2456. 
2-1’-Piperidinoperinaphthindane-1:3-dione, 2-hydroxy-, 1138. 
2-Piperidino-2-phenylethanesulphonic acid, 49 
4-Piperidino-2-phenyl-6-methyl-3-pyridazone, 2549. 
2-Piperidinopropanesulphonic acid, 49 
3-y-Piperidinopropylamino-2-ethoxyquinoxaline, 6-chloro-, and 
its dipicrate, 1266. 
2-y-Piperidinopropylamino-3-hydroxyquinoxaline, 1271. 
ee 6-chloro-, 


3-y-Piperidinopropylamino-6-methoxy-2-ethoxyquinoxaline, 
and its dipicrate, 1275. 


and 3-nitro-, hydro- 


2-y-Piperidinopropylamino-7-methoxyquinoxaline, and _ its 
dipicrate, 1275. 
3-y-Piperidinopropylamino-6- and -7-methoxyquinoxalines, 


2-chloro-, 1274. 
2-y-Piperidinop i 


and 





line, 6- and 7-chloro-, 


"aa or ng 1265. 

2:6- and 2:7-dichloro-, and their picrates, 1266. 
8-y-Piperidinopropylaminoquinoxaline, 2-chloro-, 1271. 
4-Piperidinopyrimidine, 2-amino-, 2455. 
3-(2’-Piperidyl)-1-hydroxymethyloctahydropyridocoline, 665 
Piperonal, dipole moment of, 2374. 
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Piperonaldoximes, effect of solvents on thermal intercon- 
version of, 2235. 
Piperonylideneaniline, dipole moment of, 2374. 
Pivaloyl chloride, acylation of aromatic compounds by, 1959. 
alkylation of benzene by, 1954. 
a damage to, from radioactive phosphorus, 
Plantago lanceolata, seeds, mucilage from, 1608. 
Plantago ovata, seeds, polysaccharide from, 1600. 
Platonia insignis. See Bacury fat. 
Platynecine, 487. 
Plums, egg, constitution of gum from, 1757. 
Polarisation, molecular, and molecular interaction, 753, 2663, 
2781. 
Polonium, deposition potential of, 8 397. 
21isotope, catalytic properties of, S 322. 
Polyenes, cyclic conjugated, 825, 1051, 2421. 
Polyene series, 287, 737, 742, 1516, 1823, 1827, 2023, 2028, 
2031, 3120, 3123. 
Polyethylene tetrasulphide, spectrum of, absorption, and 
structure, 400. 
Polyethyleneformal disulphide, spectrum of, absorption, and 
structure, L 
Polymerisation, addition, catalysts for, 1807. 
of nuclear-methylated styrenes, 2384. 
Polyphosphates. See under Phosphorus. 
Polysaccharides, activation of phosphorylases by, 1448. 
Polysulphides. See polySulphides. 
Potassium chromate, inhibition of iron corrosion by, 1831. 
herafluorovanadate, 2982. 
iodoherafluoride, 2206. 
dinitrososulphite, structure of, 1783. 
Potato starch. See under Starch. 
Potatoes, Q-enzyme of, 1705. 
5-alloPregnane, 837. 
17iso-alloPregnane-3:20-dione, 1680. 
17iso-alloPregnan-20-one, 38-hydroxy-, and its acety 
ative, 1678. 
Pregn-5-en-3a-ol, and its acetate, 2458. 
Pregn-5-en-38-ol, and its derivatives, 2458. 
Pregn-5-en-3f-ol-20-one, and 21-hydroxy-, acetyl derivative, 
Wolff—Kishner reduction of, 2458. 
azine, 2458. 
Pressure, critical, correlation of, with boiling point and critical 
temperature, 3411. 
low, of monolayers, balance for measuring, 894. 
Primeverose, hepta-acetyl derivatives, 2718. 
Prins reaction, 770. 
Propane, density and mol. wt. of, 1746. 
density of, and its expansion coefficients between 0° and 20 
2874. 
Propane, 3-iodo-1:1:1-trifluoro-, 2859. 
2-nitro-, reaction of, with formaldehyde and ammonia, 
1766. 
Propane-1-sulphonic acid, 2-amino-, 49. 
2-hydroxy-, sodium salt, 48. 
Propane-2-sulphonic acid, 2-chloro-, salts, 48. 
Propan-l-ol, 2-amino-, and 2-nitro-, preparation of, 514. 
Propargyl bromides, Reformatsky reaction with, 2696. 
Propargylaldehyde 2:4-dinitrophenylhydrazone, 8 47. 
cycloPropenecarboxylic acid, methy] ester, 3101. 
Prop-l-ene-1l-sulphonic acid, and its esters and derivatives, 
48. 
Propene-2-sulphonic acid, benzylisothiuronium salt, 48. 
2-isoPropenylcoumarone, 6-hydroxy-, 6-benzyl derivative, 
2061 


deriv- 


N-p-(Prop-2-enylideneamino)benzenesulphonylglutamic acid, 
N-p-(Prop-2-enylideneamino)benzenesulphonylglutamic _ acid, 


N-p-2:3-dihydroxy-, ethyl hydrogen ester, 2006. 
N-p-(Prop-2-enylideneamino)benzenesulphonylglycine,  N-p- 
2:3-dihydroxy-, 2006. 
p-(Prop-2-enylideneamino)benzoic acid, p-2:3-dihydroxy-, 
methyl ester, 2005. 
p-(Prop-2-enylideneamino)phenyl methyl sulphone, p-2:3-di- 
hydroxy-, 2006. 
N‘-Prop-2-enylidenesulphanilamide, N*-2:3-dihydroxy-, 2005. 
Propenylnaphthalenes, isomeric, 2725. 
Propiolic acid, addition of thiols to, 3109. 
Propionanilide, rearrangement of, 2719. 
10k 
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Propionic acid, a-amino-8-hydroxy-, amide hydrochloride, and 
its af-diacetyl derivative, methy! ester, and £-chloro-a- 
amino-, a-acetyl derivative, amide and methy] ester, 1970, 
1971. 

f-mercapto-, ethyl] ester, and its chloro-mercuri-derivative, 
717. 
a-nitro-a-cyano-, ethyl ester, 3225. 
Propionitrile, a8-diamino-, salts and af-dibenzoy! derivative, 
3004 


Propionobenzhydrylamide, 2636. 
2-a-Propionylbenzylthiophen, S 114. 
N-Propionyl-N ’-p-chlorophenylguanidine, and its picrate, 2567. 
3-Propionyl-2:6-dimethylchromone 2:4-dinitrophenylhydr- 
azone, 2149. 
3-Propiony!-2:5-dimethyl-1-n-dodecylpyrrole, 2885. 
1-p-Propionylphenyl-2:5-dimethylpyrrole, 2886. 
N-Propionyl-N’-phenylguanidine, and its hydriodide, 2572. 
N-Propionyltoluene-p-sulphonanilide, 3033. 
3-Propionyl-1-o-xylyl-2:5-dimethylpyrroles, 2885. 
Propoxyacetic acid, 2:3-dibromo-, and its ethy] ester, 247. 
2:3-dimercapto-, 
p-n-Propoxyanilinium benzenesul honate, 2686. 
2-isoPropoxybenzthiazole, and 5-chloro-, 3314. 
y-Propoxybutyric acid, y-3-fluoro-, ethyl ester, 2778. 
2-(4-n-Propoxy-2:5-dimethylphenyl)-3-methylindole, 2887. 
2-Propoxyethyl cyanide, 2-3’-fluoro-, 2777. 
p-Propoxyphenyl cyanide, 3045. 
p-Propoxy-N-phenylbenzamidine, 3044. 
B-Propoxypropionic acid, 8-3-fluoro-, and its chloride, 2778. 
4-isoPropoxystilbene, 444. 
isoPropyl alcohol, reaction of, with o-formylbenzoic acid in 
sunlight, 8 83. 
Propyl ally! ethers, 1:3- and 2:3-dihydroxy-, and their deriv- 
atives, 246, 247. 
allyl sulphide, spectrum of, absorption, and structure, 388. 
2:3-bisacetylthiopropyl ethers, 1:3- and 2:3-dihydroxy-, 
diacety! derivatives, 247. 
diacetoxypropy] ethers, dibromo-, 246, 247. 
2:3-dimercaptopropy] ethers, 1:3- and 2:3-dihydroxy-, 247. 
thiolacetates, mono- and di-chloro-, 286. 
thiolbenzoate, chloro-, 286. 
n-Propylamine, 3: 5-dinitro-, 2787. 








isoPr py itrile. 2336. 

w-isoPropylaminoacetophenone, p-bromo-, hydrobromide, 
1136. 

2-isoPropyl inob le, 3313. 

2-isoPropylaminobenzthi and 5-chloro-, and 6-nitro-, 3313. 





3-isoPropylaminobut-1-yne, and its derivatives, 781. 





w-isoPropylamino-p-methoxyacetop hydrobromide, 
1136. 

2-isoPropylamino-5-methoxybenzthiazole, 3313. 

2-isoPropylamino-1-p-methoxyphenylethanol, hydrobromide, 


1137. 
2-isoPropylamino-5-phenyl-1:3:4-oxadiazole, 1920. 
a-isoPropylamino-n-vaieronitrile, 2335. 
Propylbenzacridines, and their picrates, 674, 675. 
1-p-n-Propylbenz-2-p-nitrophenylhydrazide, 521. 
p-n-Propylbenzoyl chloride, 521. 
Propylcobalt triiodides, 2282. 
2-isoPropylcoumaran, 6-hydroxy-, synthesis of, 2057. 
2-isoPropylcoumarone, 6-hydroxy-, and 6-hydroxy-2-1- 
hydroxy-, 6-benzy]! derivative, 2061. 
N-isoPropyldithiocarbamic acid, 3-ketobutyl ester, 789. 
N-isoPropylglycine amide, 2336. 
N-isoPropylguanylbenzamidine picrate, 2572. 
4-isoPropylcyclohexanone benzoylhydrazone, 2643. 


3:4-isoPropylidene 1:6-anhydro-f-p-galactose barium 
2-sulphate, 1599. 
2’:3’-isoPropylidene cytidine, 2485. 


$:4-isoPropylidene B-ethyl-p-arabinoside, 1237. 

8:4-isoPropylidene-D-galactal, and its methane- and toluene- 
sulphony] derivatives, 2546. 

1:2-isoPropylidene glycerol 3-allyl ether, 246. 

2’:3’-isoPropylidene guanosine, and its derivatives, 2483. 

3:4-isoPropylidene a- and 8-methyl-D-arabinosides, 1236, 1238. 

$:4-isoPropylidene a-methyl-D-galactoside, and its acy] deriv- 
atives, 2544. 

5-isoPropylidenerhodanine, 2576. 

Propylmercury iodide, 3:3:3-trifluoro-, 2860. 

N-Propyl-N’-p-methoxyphenylguanidine, 2571. 
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N-Propylmorpholine, V-2-chloro-, and its picrate, 8 112. 

N-isoPropylnorleucine, 2346. 

N-isoPropylnorvaline, 2336. 

2-p-isoPropylphenyl-3-methylindole, 2887. 

reece acid. See Hex-l-ene-2:3-diol-1-carboxylic 
acid, 

4-n-Propylthiazole, 5-amino-2-mercapto-, 5-acetyl derivative, 
2341. 


Propylthiol, dichloro-, 286. 
3-isoPropyl-1:3:5-triazacycloheptane, 1:5-dinitro-, 1641. 
N-isoPropylvaline, and its amide, 2336. 
Prop-2-yne-l-carboxylic acid, and its S-benzylisothiuronium 
salt, 606. 
Protoactinium, new valency of, S 256. 
separation of, § 253. 
solvent extraction of, 8 258. 
tracer study of chemistry of, S 248. 
Proton-transfer processes, 3046. 
Pschorr reaction, 3164, 3172. 
Pteridines, synthesis of, 2002. 
Pteridine-8-aldehyde, 2-amino-6-hydroxy-, 2:4-dinitropheny]- 
hydrazone, 83. 
Pteridine-8-carboxylic acid, 2-amino-6-hydroxy-, 83. 
Pteridine-9-carboxylic acid, 2-amino-6-hydroxy-, 83. 


N-p-(6-Pteridylmethyl)aminobenzenesulphonylglutamic acid, 
N-p-2-amino-4’-hydroxy-, 2007. 
N-p-(6-Pteridylmethyl)aminobenzenesulphonylglycine, N-p-2- 


amino-4-hydroxy-, 2007. 

p-(6-Pteridylmethyl)aminobenzoic acid, p-2-amino-4-hydroxy-. 
See Pteroic acid. 

p-(6-Pteridylmethyl)aminophenyl methyl sulphone, p-2-amino- 
4-hydroxy-, 2007. 

N‘*-(Pteridylmethyl)sulphanilamide, N‘*-(2-amino-4-hydroxy)-, 
2006. 


Pterocarpus santalinus. See Sandelwood. 
Pteroic acid, benziminazoles related to, 1401. 
preparation of, 2006. 
Pteroylglutamic acid, benziminazoles related to, 1401. 
Purines, 2099. 
synthesis of, 1071, 2329. 
Purines, 6-amino-, synthesis of, 3001. 
Purine nucleosides, synthesis of, 232, 1613, 1620, 2302, 2306, 
2490. 


Purpurogallin, 3271. 
triacetate, 3278. 
Purpurogallone, synthesis of, 3271. 
spiroPyrans from xanthylium and thiaxanthylium salts, 2295. 
Pyrazine derivatives, 300, 910, 1364, 2707. 
Pyrazines, 3:6-dicyano-2:5-disubstituted, 1364. 
2-3’-Pyrenylscatole, 2888. 
Pyrethrolone, structure of, 93. 
Pyridazine derivatives from sucrose, 1248, 2066, 2546. 
Pyridaz-3-one, and its derivatives, reaction of, with aldehydes, 
1248. 
Pyridine, action of osmium tetroxide on, 462. 
cyclic hydroxamic acids from, 2091. 
reaction of, with mercuric acetate and ethylene, 734. 
Pyridine, 2-amino-, 1-oxide, and its derivatives, and 2-hydr- 
oxylamino-, 8 133. 
5-amino-2-hydroxy-, mono- and di-benzoyl derivatives, 
1158. 
2-chloro-5-amino-, and 2-chloro-5-N-nitrosoamino-, 5-acetyl 
derivatives, 3183. 
Pyridinium toluene-p-sulphonate, 8 198. 
[5-(Pyridinium-3-carboxymethylrhodanine) |[ 2-(3-ethylbenz- 
thiazoline) |-8-anilomethyldimethinmerocyanine, 1123. 
Pyridinium ion, heat of ionisation of, 760. 
Pyridino(2’:3’:6:7)benzthiadiazole, 361. 
Pyridino(2’:3’:6:7)benzthiazole, and its derivatives, 361. 
Pyridinopyrimidines, synthesis of, 2582. 
Pyridino(2’:3’-4:5)pyrimidine, 2:6-dichloro-, 2584. 
2:6-dihydroxy-, 2583. 
2-Pyridylearbinols, synthesis of, 2577. 
4-3’-Pyridylcinnoline, and its picrate, 2412. 
1-2’-Pyridylcyclohexanol, and its picrate, 2578. 
2-2’-P yridyl-6-methyl-3-pyridazinone, 2549. 
2-2’-Pyridyl-6-methyl-3-pyridazone, 4-amino-, and its acetyl 
derivative, and 4-chloro-, 2549. 
9-2’-P yridylphenanthridine, and its picrate, 706. 
Pyrimidine derivatives, physicochemical properties of, 469. 
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Pyrimidine, 2:4:5-triamino-6-hydroxy-, condensation of, with 
fructose and glucose, 79. 
with a-ketols, 2077. 

Pyrimidine nucleotides, preparation and structures of, 904. 

N'-2-Pyrimidyl-N *-(2-amino-4-hydroxy-6-pteridylmethyl)- 
sulphanilamide, 2007. 

5-Pyrimidylaminoquinazoline, 
hydroxy-, 1017. 

N‘-2-Pyrimidyl-N *-(2:3-dihydroxyprop-2-enylidene)sulphanil- 
amide, 2006. 

Pyrogallol I-methyl 2- and 3-allyl ethers, and their 3:5-di- 
nitrobenzoates, 437. 

Pyro-ions, condensed, stereochemistry of, 63. 

Pyromeconic acid, derivatives of, 1185. 

Pyromeconic acid, amino-, derivatives of, and 2-bromo-, and 
its O-acetyl derivative, and 2-nitro-, and its methyl] ether, 
1186, 1187. 

y-Pyrone nucleus, substitution in, 1185. 

Pyrophosphates. See under Phosphorus. 

Pyrroles, polysubstituted, as cocarcinogens, 2882. 

— eee and its hydrochloride, 

53. 
methiodide, S 154. 
a etd, and its hydrochloride, 
sam, and its hydrochloride, 
3 151. 
methiodide, 8 152. 

2-Pyrrolidinoethanol, preparation of, 503. 

2-Pyrrolidinoethyl chloride, and its picrate, 504. 

B-Pyrrolidinopropionic acid, os ester, 8 146. 

“ Pyrromidon.”” See 1-Phenyl-4-(2:5-dimethyl-1-pyrryl)-2:3- 
dimethylpyrazol-5-one. 

2-1’-Pyrrylperinaphthindane-1:3-dione, 2-hydroxy-, 1138. 


7-nitro-4-4’-amino-2’:6’-di- 


Q. 


Q-enzyme. See Q-Enzyme. 
Quinaldine derivatives, 2656, 3185. 
Quinaldine, chloro-derivatives, and their derivatives and 
salts, and chlorotribromo-, 2659, 2660. 
4:7-dichloro-, and its picrate, 2660. 
6-chloro-4-amino-, 1806. 
4-hydroxy-, derivatives, from 4-chloroaniline and m-tolu- 
idine, 2656. 
Quinaldinic acid, amperometric titrations with, 1793. 
decarboxylation of, 173. 
Quinaldinic acid, 4-amino-, and its 4-acetyl derivative, 1806. 
5- and 7-chloro-, 2659, 2660. 
n= and iso-Quinaldinic acids, decarboxylation of, 659. 
Quinamine, 735. 
isoQuinamine, and its salts, 735. 
tsoQuinamine, nitroso-, p-nitrobenzoyl derivative, 737. 
Quinazoline derivatives, 4-substituted, 1354. 
basic strengths of, 1356. 
Quinazoline, 4-amino-, 1355. 
6-chloro-, 1370. 
4-chloro-6- and -7-nitro-, condensation of, with amines, 
1014. 
Quinitol benzoate, 616. 
Quinoline, cyclic hydroxamic acids from, 2091. 
derivatives, polarography of, 586, 763, 1793, 2470. 
4-substituted, basic strengths of, 1356. 
synthesis of, 821. 
Quinoline, 5:7-dibromo-8-hydroxy-, thallium complex, 1498. 
2:2:2:z-tetrachloro-, 2682. 
4-hydroxy-, nitration of, 255. 
6-hydroxy-, di-N-oxide, 3016. 
8-hydroxy-, determination of, polarographically, 586. 
dissociation constants of, 2672. 
6-isothiocyanato-, 1259. 
Quinolines, 4-amino-, dissociation constants and spectra of, 
1458. 
8-hydroxy-, as precipitating reagents in analysis, 1489. 
ssoQuinolines, chemistry of, 696. 
Quinoline-3-carboxylic acid, 6-nitro-, and 6:8-dinitro-, 824. 
Quinoline-8-carboxylic acid, amperometric titration of, with 
copper compounds, 2470. 
reduction of, at dropping-mercury cathodes, 763. 
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B-8-Quinolylacraldehyde, a-bromo-f-3-6- and -3-8-nitro-, and 
-B-6:8-dinitro-, 8-3-8-nitro- and £-3-6:8-dinitro-, and their 


erivatives, 823, 824. 
6’-Quinolyiamino bethoxyacrylic acid, and £-8’-chloro-, 
ethyl esters, 1020. 
4-5’- and natn, 6- and 7-nitro-, 1017. 
2-Quinolylazotriphenylmethane, 31 
2-n- and 1-iso-Quinolylcarbinols, no of, 2577. 


N'~6-Quinolyldiguanide, 1665. 

en  tantateataee- 
methylpyrimidine, | 

4-(6’-Quinolylguanidino)-2-8-diethylaminoethylamino-6- 
methylpyrimidine, 


1259. 
2-(6’-Quinolylguanidino)-4-hydroxy-6-methylpyrimidine, and 

its hydrochloride, 1258. 
-Quinolylguanidino)-6-methylpyrimidine, 4-chloro-, and its 


= drochloride, 1258. * 
1-2'-Quinolylcyclohexanol, and its picrate, 2578. 
1-1’-tsoQuinolylcyclohexanol, 2578 
2-Quinolylhydrazotriphenylmethane, 3184. 
3-1’-isoQuinolylpentan-3-ol, 2578. 

paldehyde, a8-dibromo-f-3-8-nitro-, 823. 
4-(6’-Quinolyithioureido )-2-8-diethylaminoethylamino-6- 
methylpyrimidine, 1259. 


Quinone. See Benzoquinone. 
Quinones, naturally a 1277 
Quinoxaline, 6-bromo-2: = ydroxy-, 2:3-dichloro-6-bromo- 
and -6-nitro-, 1275, 127 
~~ and 2:7-dichloro-, e and 7-chloro-2-hydroxy-, 1264, 


PP. hydroxy-, and their di-N-oxides, 3012. 
mono- and di-hydroxy-, acetyl derivatives, 3014, 3015. 
Quinoxaline oxides, 2579. 
oxaline-2-car 


Quin boxylic ‘acid, and its copper salt, 2579. 
R. 


Radicals, free, action of heat on, 889. 
formation of, 3245. 
structure and reactivity of, 1042. 
Radioactive emanations, investigations with, S 259. 
isotopes. See under Isotopes. 
tracers, determination of self-diffusion coefficients by means 
of, 8 392, 395 
in antisera, 8 408. 
Radio-elements, cathodic deposition of, 8 397. 
Radio-halides, organic, carrier-less, roduction of, 8 330. 
Radionuclides, production of, in cyclotron, 8 356. 
Radium, determination of, in water, 8 314. 
Radon, determination of, in water, 8 314. 
Rape-seed oil, unsaturated fatty acids of, 8 91. 
Rays, ionising, chemical action of, on aqueous solutions, 3241, 
3245, 3254, 3256. 
a-Rays, action of, on benzene, 3254. 
f-Rays, measurement of, S 261. 
with Geiger—Miiller counters, 8 369. 
X-Rays, action of, on amino-acids, 3256. 
on benzene and benzoic acid, 3245. 
Reactions, aromatic side- chain, mechanism of, and polar 
effects of substituents, 1089. 
elimination, with disubstituted dihydro-derivatives of 
aromatic compounds, 2497. 
exchange, and electrolytic dissociation in non-aqueous sol- 
vents, 270. 
isomerisation, 165, 2044. 
thermal, cis-elimination in, 2174. 
Reduction by carbon monoxide at high pressure, 1154. 
by dissolving metals, 2531. 
Reductone, use of, in synthesis of pteridines, 2002. 
reaction, 1415, 2696. 
ic esis in, 3365. 
nates 2 niet, ao organic compounds, 72. 
Revert of of the Couneil, 133 


ies and structure of, 3299. 


thetic, p Iphonate, cation exchange with, 1190, 
"7201, 13 120B, 1211. 
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Resorcinol, reaction of, with hydrogen cyanide, 1593. 

Resorcitols, cis- and trans-, and their derivatives, 1586, 1588. 

Resorcylaldimine hydrochloride, true structure of, 1593. 

Respiration, te are of, 1378. 

wae — » p-methoxyphenylhydroxymethylene 
e 

Retenequinone, reactions of, - aromatic aldehydes and 
with ethylenes in sunlight, S 


Retronecic ‘acid, isomerism of, with isatinecic acid, 1700. 
structure of, 1703. 

Retronecine, 487. 

Retrorsine, structure of, 1700. 

Ribitol, synthesis of, 8 48. 

9-B-D-Ri oadenine. See Adenosine. 

1-D-Ribofuranosidoglyoxaline-4:5-dicarboxyamide, 233. 


a” > ctu aria cae eae 6-amino-, 
p-Ribo} 


pyranosidotheophylline-J, 2’-chloro-, 2530. 

D-Ribose diethy] thioacetal, 1616. 

Richter synthesis of cinnolines, 2393. 

tsoRosenonic acid, cong + ester, 883. 

Rosenonolactone from richothecium roseum, and its 2:4-di- 
nitrophenylhydrazone, 879. 

tsoRosenonolactone, and its derivatives, 882. 

alloRosenonolactone, 883. 

Rosonolactone, 882. 

— molecular, and structure of steroids, 337, 214, 219, 
25 


Rotenone, synthesis of, and its derivatives, 2049. 
Rubremetinium salts, properties of, S 67. 


Salicylaldehyde, 3- and 5-nitro-, toluene-p-sulphonates, 823. 
Salicylic acid, 4-amino-, and its derivatives, 1498. 
3: 5-dibromo-4-amino., 1501. 
4-nitro-, alkyl esters, 1501. 
Salts, reaction kinetics of incomplete dissociation of, 362. 
Samarium, magnetic susceptibility of, 136. 
Sambucinin, 1022. 
Sandelwood, constituents of, 1571. 
Sandmeyer reaction, kinetics and mechanism of, § 48. 
Santal, structure of, 1571. 
Santalum lanceolatum, alcohol from oil of, 1582. 
-Santonic acid, derivatives and structure of, 1170. 
¥-Santonin, constitution of, 959, 1170. 
epoxide, 1174. 
Sarcosine anhydride zincichloride, 92. 
Schiff’s bases, benziminazoles and benzoxazoles from, 2971. 
from glycine eo _ and p-nitrobenzaldehyde, 92. 
Schmidt reaction, 26 
Sebacic acid, crystal faa molecular structure of, 993. 
Secretions, mammalian, ev and biochemistry of, 2115. 
Seeds, a of, 1600, 1608 
Selenious acid. See under Selenium. 
Selenium, photochemistry of, 1811. 
Selenious acid, action of, on pheny] alkyl ethers, 2196. 
crystal structure of, 1282. 
Selenium organic compounds, 274. 
Self-diffusion in solids, 8 395. 
Self-diffusion coefficients, determination of, by means of radio- 
ative tracers, 8 392, 395. 
Sempervirine, structure of, 1720. 
Senecic acid, structure of, 2852. 
Senecio alkaloids, 486, 1700, 1703, 2852. 
Sequoyitol, 3199 
Serine, and its substituted derivatives, synthesis of a-amino- 
lic acid derivatives from, 1968. 
ethyl and a ester hydrochlorides, 592. 


Serini reaction, 1671. 
uiethylenedi iodide, 1169. 


Shea nut fat, mpi camer ogg) aged of, 444, 
silicon organic compounds, 27 

Orthosilicates, aliphatic, heaeste mechanism of, 2637. 
Silicones, and their derivatives, infra-red spectra of, 124, 
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Silver, self-diffusion of, in Ag,HgI,, 8 392. 
Silver fluoride, preparation of, 1479. 
hezafluoroantimonate, 2870. 


» 2982. 
nitrate, heats of reaction of, with allyl and benzyl halides, 
1145. 
Silver organic compounds :— 
Silver Giohenyl e a phenyl oe senna osphates, 3078, 3079. 
Silver electrodes. See under 
Sodium ions, eT 4 of, with hydrogen i ions, 3285. 
radionuclides, 8 357 
Sodium alloys, with lead, 923. 
— bromate, neutron-irradiated, separation of **Br from, 
338. 
carbonate solutions, > ‘ead of, 429, 
hexametaphosphate, 4 
iodide, exchange Restlone of, with alkyl iodides in methyl 
alcohol, 270. 
— of, with toluenesulphonic esters of carbohydrates, 
233. 
tetrametaphosphate, 417. 
trimeta ry 414, 
tripolyphosphate, 427. 
Sodium organic compounds :— 
— cupro- and nickel-cyanides, catalytic efficiencies of, 
1 
Solids, self-diffusion in, S 395. 
Solutions, aqueous, chemical action of ionising radiations on, 
3241, 3245, 3254, 3256. 
thermochemistry of, 760. 
Solvents, aprotic, 2188. 
non-aqueous, acid—base catalysis in, 1288. 
ey dissociation and exchange reactions in, 270. 
po 
Sommelet reaction, 2700, 2704. 
Sparteine, structure of, 663. 
Spasmolytics, new, 1681. 
Spectra, absorption, 1890, 1898, 1902. 
and ‘on aaa of sulphur organic compounds, 387, 394, 401, 


infra- red, of triethylamine mixtures with alcohols, 24. 
of isomeric aromatic diazocyanides, 1106. 
of nitrogen organic compounds, 207. 
of nuclear-methylated styrenes, 2389. 
ultra-violet, of Seasmeg thols and diazophenols, 2082. 
of 2:5- 5-dihy droncotophenonen, 607. 
of pyrimidine derivatives, my 
of substituted diguanides, 221 
fluorescence, of polycyclic aromatic hydrocarbons in solu- 
tion, 1683. 
infra-red, of compounds of high molecular weight, 124. 
Squalene, thermal oxidation of, 492. 
Stannic acid. See under Tin. 
Stannic bromide. se a 
Starch, enzymic synthesis and degradation of, 1448, 1705, 1712. 
Floridean, 1468. 
long-chain fractions of, end- group assay of, 1109. 
potato, fractionation of, with aluminium hydroxide, 1. 
waxy maize, amylose component of, 5. 
ee bromo-, chloro- and iodo- hydroxy-, 1820, 1821, 


~~ grammar tie chemistry and stereochemistry of, 


Sterculia setigera gum, structure of, 3145. 
Steric hindrance, 2871. 
in analytical yaa he 1489. 
Sternutators, 2983 
Steroids, and their derivatives, 2536, 2973. 
basic derivatives of, 2164 
method of molecular rotation differences applied to, 214, 
219, 337, 1771, 2456, 2459, 2596. 
Walden i inversion and, 1671. 


Sterols, synthesis of substances related to, 708, 715, 1855, 1866. 


Stilbazole, 5-chloro-2-nitro-, and its dichloride, 2398. 

Stilbene apt ultra-violet light absorption by, 1902. 
Stilbenes, amino-, e distribution and bond orders in, 1983. 
Stillingia oil, ytd acid from, 3353 

Strecker degradation, electronic interpretation of, S 163. 
Strychnos species from British Guiana, 955. 
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Strychnos diaboli, alkaloid from, 955. 
Strychnos toxifera, alkaloids of, 3265. 
Styrene, catalytic polymerisation of, 1807. 
Styrene, B-bromo-, and 2:6- and 3: :4-dichloro-, catalytic 
bromination of, 294 
Styrenes, sicemaiiaietel. 2377, 2383, 2389. 
2-Styryl-4:5-dihydro-oxaszol-5-one, derivatives, 176. 
methylpyridaz-3-on-2-yl)methane, 1253. 
2-Styrylfluorene, derivatives of, 655. 
cis-2-Styrylfiuorene, and cis-2- p-chloro-, and -nitro-, 657. 
trans-2-Styrylfluorene, and trans-2-p-amino-, 2-p- acetyl deriv- 
ative, and trans-2-p-chloro- and -2-p-nitro-, 657, 658. 
2-Styrylpyridine, 2-2-chloro-, and its picrate, 3169. 
2-Styrylquinoline, 4-amino-, preparation of, and its acetyl 
derivative, 1803. 
6-amino-, 4:2-4’-diamino-, and its 4-acetyl derivative, and 
-amino-2-4’-nitro-, and its 4-acetyl derivative, 1805. 
7-chloro-, 2659. 
6-chloro-4-amino-, and its 4-acetyl derivative, 1804, 1805. 
Substitution, aromatic, influence of directing groups on nuclear 
reactivity in, 575. 
o:p-ratio in, 2871. 
halogen, kinetics of, in aromatic compounds, 933. 
mechanism of, § 400. 
Succinic acid, ethyl ester, condensation of, with fluorenone, 
1102. 
Succinic acid, aa’-dimercapto-, 3112. 
B-Succinic acid, crystal and molecular structure of, 980. 
Succinic anhydride, Friedel-Crafts reaction with 1:2-dipheny]l- 
ethane and, 257. 
Succinimide, N -bromo-, reaction of, with methyl oleate, 939. 
Sucrose, conversion of, into pyridazine derivatives, 1248, 2066, 


2546. 
Sugars, aldose, oxidation of, with hypoiodous acid, 1213. 
analysis of mixtures of, by partition chromatography, 928, 
1659, 2511. 
pentose, ‘determination of, spectrophotometrically, S 140. 
in nature, and their relationship to hexoses, 522. 
Sugar mercaptals, acetone compounds of, 533. 
p-Sulphamylacetophenone, 180. 
oo eeereee | 82. 
p-Sulphamylcinnamic acid, 179. 
p-Sulphamylphenylalanine hydrochloride, 179. 


2-p-Sulphamylphenylethylamine, 180 

B-p-Sulphamylphenylpropionic acid, 180. 

B-p-Sulphamylphenylpropionic acid, a-amino-, 
derivative, 179. 

Sulphanilamidoacetic acid, amides of, 3308. 

Sulphanilamidocarbe~yamides as intestinal antiseptics, 3304. 

Sulphanilamidocinnm.mic acids, and their derivatives, 3307. 

3- and 4-Sulphanilamidophthalimides, and their derivatives, 
3308. 

$-Sulphanilamidopicolinamide, and its 3-N*’-acety] derivative, 
3308. 


$- and 5-Sulphanilamidosalicylic acids, and their derivatives, 
3306 


4-Sulphanilamidosalicylic acid, and its methyl ester, 1502. 
Sulphides, unsaturated, absorption spectra and structure of, 
387. 


a-benzoyl 


diulphides, organic, reaction of, with pe Teeen 


a. of, absorption, and structure, 394. 
Rats spectra of, absorption, and structure, 394. 
structure of, 724. 
Sulphinic acids, effect of moisture on hydrogen bond in, 683. 
4-2’-Sulphoethyltetrahydrothiazine 1:1-dioxide, and its silver 
salt, 2438. 


Senemteras & barium hydrogen sulphate, 1926. 

Sulphonamides, 3304 

p-Sulphonamidobenzamidinium salts, 2001. 

Sulphonation in sulphuric acid, kinetics and mechanism of, 
1871. 

Sulphones, hydrogen bond formation and valence vibration 

uencies in, , 

unsaturated, spectra of, absorption, and structure, 408. 

Sulphonic acids, esters, catalytic decomposition of, with 
Raney nickel, 8 178. 

Sulphonyl sulphides, structure of, 724. 

f-Sulphony! sulphides, fission of thioether linkage in, 1754. 
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alu are caret 1:1-dioxide betaine, 


ouighexiées, hydrogen bond formation and valence vibration 
frequencies in, 2442. 
Sulphur, identity of, formed by neutron bombardment of 
alkali chlorides, $ 351. 
pile-irradiated, tion of carrier-free **P from, 8 326. 
spectrum of, abso: tion, and structure, 398. 
vapour, reaction of, with hydrocarbons, 3379. 
Sulphur mono- and di-chlorides, spectra of, absorption, and 
structure, 396. 
Sulphuric acid, fuming, action of, on cycloalkanes, 1932. 
kinetics and mechanism of sul — in, 1871. 
Sulphur organic compounds, 889 
absorption spectra and structure of 387, 394, 401, 408, 2442. 
Sulphuric acid, See under Sulphur. 
=" freshly -formed, properties of, 2789, 3387, 3395, 3404, 


om tension, measurement of, and surface age, liquid-jet 
technique for, 2789. 

Sydnones, dipole moments of, 746. 
spectra of, absorption ultra-violet, 8 103. 
structure of, 307. 

Syncarpia laurifolia, betulic acid from, 3433. 

Szilard—Chalmers reaction, yields by fast and slow neutrons in, 
S$ 356. 


T. 


Tannins, wattle, constitution of, 3082. 
Tantalum pentia-bromide and -chloride, vapour pressure of, 
8 223. 
halides, 2472; S 223. 
pentaiodide, vapour pressure of, 2472. 
Taraxasterol, 2556. 


Taraxasterone, and its oxime, 2556. 
gg pile-irradiated, extraction of carrier-free ™*4I from, 
323 


Temperature, critical, correlation of, with b. p. and critical 
ressure, 3411. 
with latent heat of vaporisation and vapour pressure, 
3415. 
Ternatin, 2157. 
Terpene compounds, 192, 195, 197. 
Terpenoid compounds, diene synthesis applied to, 812. 
1:2:3:5-Tetra-acetyl D-arabinose, 2308. 
1:2:3:5-Tetra-acetyl D-arabofuranose, 2306. 
2:3:4:6-Tetra-acetyl a-(2’:3’-dibromopropyl)glucoside, 246. 
3:4:5:6-Tetra-acetyl 2-deoxy-p-glucose dibenzy] merca reaptal, 2845. 
4-(Tetra-acetyl D-galactoturanosidamino)-5-(2’:5’-dichloro- 
benzeneazo)-2-methylthiopyrimidine, 2305. 

a- and £-2:3:4:6-Tetra-acetyl D-galactopyranose anili( .. 3371. 
4-(Tetra-acety’ )-5- 


1 pyranosidamino)-5-thiotormamido-2- 
methylthiopyrimidine, 6-amino-, 2305. 
2:3:4:6-Tetra-acetyl a- anilide, 3372. 


D-galactose : 
1:3:4:6-Tetra-acetyl §-p-glucose-2-phosphoric acid, and its 
diphenyl ester, 3134. 
oside, 1592. 


methylid 
2:3:4:5-Tetra-acetyl sorbitol 1:6-dibromohydrin, 254. 
Tetra-arylsuccinic dinitriles as polymerisation catelysts, 1807. 
1: T_T :3:1]nonane, 3:7-dinitro-, preparation 
of, 1656 
Tetradecahydro-7:7’-diacenaphthenyl, 3115. 
2: methyleneindole 


» 2886. 
4-Tetradecylamino-2-(carboxymethylthio)pyrimidine midine, 2455. 
4-Tetradecylamino-2-hydroxypyrimidine. See N -Tetradecy]- 

cytosine. 
N-Tetradecylcytosine, 2456 
Tetradehydroemetine hydrogen oxalate, 8 70. 
NNN’N’-Tetraethyl-o0 -diaminodiphenyl, NNN’N’-tetra-2- 
NNN'‘N’-tetra-2- 
hydroxy-, 1974. 
Tetraethylammonium bromide, 2-fluoro-, 1282. 
NNN’N’-Tetraethylbenzidine, NNN'N’ tetra-2- bromo-, -2- 
chloro-, and -2-hydroxy- Rone 185. 
O-Tetraethylchlorophorin, 3350 
NNN’N’-Tetraethyl ~o~dianisidine, NNN’N’-tetra-2-chloro-, and 
-2-hydroxy-, dipicrate, 185. 
Tetraethyl-lead, preparation of, 923. 
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Tetraethylphenylarsonatodigold, 3078. 
Tetraethyl(phenylphosphato)digold, 3078. 
NNN’N’-Tetraethyl-o-tolidine, NNN’N’-tetra-2-chloro-, and 

-2-hydroxy-, dipicrate, 185. 
ee 9-hydroxy-, and its zinc complex, 
Tetrahydroanhydro-/-santonic acid, and its 2:4-dinitropheny]- 

hydrazone, 1173. 
3:4:6:9-Tetrahydro-7:8-benzindolo(2’:3’-1:2)pyridocoline, and its 

chloride and iodide, 1724. 

Tetrahydrobenzpyran derivatives, 952. 
binols, tetrahydrobenzpyran 

isomeric with, 952. 
1:2:3:4-Tetrahydrocarbazole, 6:7-dihydroxy-, 2066. 
1:2:3:4-Tetrahydroisocarbazole, 6:8-dibromo-12- hydroxy-, 

6:8-dichloro-12-hydroxy-, and 12-hydroxy-, and their 

derivatives, 1383. 

Tetrahydrochlorophorin, and its tetra-acetyl derivative, 3351. 
9:10:9’:10’-Tetrahydro-9:9’-dianthryl, 269. 
10:11:12:13-Tetrahydrofiuoranthene-11:12-dicarboxylic acid, 

anhydride and dimethy] ester, 1558. 
10:11:12!13-Tetrahydrofiuoranthene-11:12-dicarboxylic acid, 

4-bromo-, anhydride and dimethyl ester, 1558. 
Tetrahydrofurfuraldehyde, 8 25, 27: 

1 alcohol, oxidation of, over silver-gauze 

eae 8 25. 

etrahydrogeranamidinium salts, 2002. 
Seabeteaneatateenatncsbatine acid, dimethyl ester, 98. 
Tetrahydropyrethrolone, structure of, 94 
1:2:3:4-Tetrahydroisoquinolines, 2:7- } synthesis 

and properties of, 1799. 

Tetrahydro~)-santonic acid, and its derivatives, 1173. 
Tetrahydrothiapyran, 2-(or 3)mercapto-, 2752. 
Tetrahydrothiapyran-4-ol, 2753. 

Tetrahydrothiazine 1:1-dioxide, and its salts, 2439. 
Tetrahydro-4-thiazinylacetamidoacetic acid, 1:1-dioxide, 2439. 
B-Tetrahydro-4-thiazinylpropionic acid, 1:l-dioxide hydro- 

chloride, 2438. 

Tetrakis-4-bromophenylethylene dichloride, 87. 
Tetrakis-3:5-dichloro-4-methoxyphenylethylene dichloride, 87. 
Tetrakis-4-chlorophenylethylene dichloride, 87. 
8-Tetrakis-p-methylthiophenylethylene, 354. 
8-Tetrakis-p-methylthiobenzpinacol, 354 
Tetralin series, 2399. 
2-2’-Tetralyl-3-ethylindole, 2887. 
2-2’-Tetralyl-3-methylindole, 2887. 

Tetramethinmerocyanines, 1126. 
Tetramethin intermediates, 32. 
2:3:4:7-Tetramethoxy-9-acetamidomethyl-9:10-dihydro- 

phenanthrene, 1077. 
2:3:4:7-Tetramethoxy-9-aminomethyl-9:10-dihydrophen- 

anthrene hydrochloride, 1077. 
2:6:3’:4’-Tetramethoxydeoxybenzoin, 4-hydroxy-, 1576. 
4:6:3':4': :Tetramethorydeoxybenzoin, 2- hydroxy- » and its 

oxime, 1575. 

2: Sn ee 9-cyano-, 


2:3:4:7-Tetramethoxy-9:10-dihydrophenanthrene-9-carboxylic 
acid, 1077. 


4:5:6:4’-Tetramethoxydiphenic acid, 1083. 
B-(8:4:5:4’:Tetramethoxydiphenyl)propionic acid, and -6- 
bromo-, 1082. 
5:7: 3’:4’-Tetramethoxyisofiavan, 1574, 
2:3:4:7-Tetramethoxyfluorenone, 1083. 
5:8:3’':4’’-Tetramethoxyfurano(4’:5’:6:7)flavone, 307. 
3:9:10:11-Tetramethoxy-4-methyl-6:15-dihydro-5-.zabenz- 
anthrene, 1077. 
5:7:3’:4’-Tetramethoxy-2-methylisoflavone, 1576. 
Tetra-p-methoxyphenylsuccinic dinitrile, and its styrene 
adduct, 1809. 
Tetramethylammonium hydroxide, preparation of, 791. 
NNN’N’-Tetramethylbenzamidinium picrate, 3325. 
O-Tetramethylchlorophorin, 3350. 
4’:6':4’:6”’-Tetramethyl-3:4:5:6-dibenzphenanthrene-9:10- 
dicarboxylic acid, and its anhydride, 2692. 
3-Tetramethyldiethyldisiloxane, 2759. 
2:2:6:6-Tetramethyl-A*-dihydrothiapyran, 2754. 
4:7:4':7'-Tetramethyldi-indenyl, 2692. 
2:2’:4:4'-Tetramethyldiphenylamine, 6:6’-diamino-, and its 
diacetyl derivative, 1154. 


derivatives 
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3:3':5:5’-Tetramethyldiphenylamine, 4:4’-diamino-, 
derivative, 1153. 
5:5-Tetramethylene-A*-thiazoline-4-carboxylic acid, 2-mer- 
capto-, and its esters, 3010. 
1:3:4:6-Tetramethylfructose, analysis of mixtures of, with di- 
and tri-methylfructoses, 2522. 
Tetramethyl-lead, catalytic toxicity of, 2173. 
4':6':4’:6”-Tetramethyl-1:2:7:8:9:10:11:14-octahydro-3:4:5:6- 
dibenzphenanthrene-9:10-dicarboxylic acid, anhydride, 2692. 
2:4:5:6-Tetramethylresorcinol, 3041. 
O-Tetramethyltetrahydrochlorophorin, 3351. 
4':6’:4”:6’-Tetramethyl-1:2:7:8-tetrahydro-3:4:5:6-dibenz- 
phenanthrene-9:10-dicarboxylic acid, anhydride, 2692. 
5:7:5':7’-Tetramethyl-3:4:3’:4’-tetrahydro-1:1 (mene 2691. 
2:2:6:6-Tetramethyltetrahydrothiapyran-4-ol, 27 
2:2:6:6-Tetramethyltetrahydrothiapyran-4-one, F164. 
2:2:5:5-Tetramethylthiazolidine-4-carboxylic-3-glyoxylic 
anhydride, 2356. 
Tetramethylthioures, spectrum of, absorption, and structure, 
401. 


diformyl] 


Tetramethylthiuram mono- and di-sulphides, 
absorption, and structure, 402. 
1:1:4:4-Tetraphenylbutane, 1:4-dicyano-, 505. 
Tetraphenylethylene, dichloride, and its additive compounds, 
86 


spectra of, 


methylthio-derivatives of, 352. 
Tetraphenylethylene series, 85. 
1:1:6:6-Tetraphenylhexane, 1:6-dicyano-, 507. 
2:3:7:8-(or 3: 4:6:7)-Tetraphenyl-1:2:3:4:6:7:8:9-octahydro- 
phenoxaselenin-1:9-dione 10-oxide, 277. 
NNN’‘N’-Tetra-n-propylbenzidine, NNN‘N ’-tetra-2-chloro-, 
1975. 
Tetra-n-propyl-lead, preparation of, 923. 
NNN’ N’-Tetra-n-propyl-p-phenylenediamine, NN N’N’-tetra- 
(B-chloro-2-hydroxy)-, 1975. 
Thallium dinitrosos' ulphite, 1792. 
Thallous aheiuatn aluminosilicate, and silicate, hydro- 
thermal treatment of, 1253. 
hydroxide, dissociation constant of, 368. 
Theophylline-7-a-b-arabofuranoside, 2306, 2308. 
Thermal decomposition, cis-elimination in, 2174. 
Thermochemistry of solutions, 760. 
Thiacyanines, preparation of, 1503. 
Thiacyclohexan-4-one, preparation of, and its methiodide, and 
use in synthesis, 715. 
ee cent acid, ethyl ester, methiodide, 
17 


Thianaphthen-3-aldehyde, 1377. 
Thianaphthen-3-carboxyhydrazide, 1378. 
Thianaphthen-3-carboxytoluene-p-sulphonylhydrazide, 1378. 
8-8-Thianaphthenylalanine, and its benzoy! derivative, 1378. 
Thiapyrsn series, synthesis i in, 2749. 
Thiazoles, preparation of, 2362. 
——— 5-amino-2-mercapto-, thiol-thione tautomerism of, 
Thiazole-4-carboxyamide, 5-amino-, 1442. 

2:5-diamino-, 2-benzoyl o_o 1442. 

5-amino-2-mercapto-, 144 
Thiazolidines, reactions of, with oxalyl chloride, 2351. 
Thiazolid-4-one-5-acetanilide, 2-imino-, 1798. 
Thiazolid-4-one-5-acetoethylamide, 2-imino-, 1798. 
Thiazolines, preparation of, 2362. 

2-substituted, 2367. 

linylamino-oxazoles, sills of, 3227. 

Thiazolinylaminothiazoles, preparation of, 3227. 
Thiazolinyloxazolones, structure and reduction of, 3216. 
Thiazol-5-one, 2-mercapto-, reactions with, 2323. 
Thiazolopyrimidines, 1064, 2329. 
1-2’-Thiazyl-2:5-dimethylpyrrole, 2886. 
2-Thienyl alkyl sulphones, 1666. 
Thioacetamide, amino-, hydrochloride, 1063. 
Thioamides, reactions of, with ethylene oxides, 278. 
2-Thio-5-benzylidene-1:3-dimethylhydantoin, 212, 2345. 
2-Thio-5-benzylidenehydantoin, and its derivatives, ultra-violet 

absorption spectra of, 207. 
2-Thio-4-benzylidene-3-methylthiazolid-5-one, 2344. 
2-Thio-4-benzyl-3-methylthiazolid-5-one, 2345 
2-Thio-8-benzyl-1-methylxanthine, 1074. 
2-Thiobenzylthiazolid-5-one, 2327. 
2-Thio-4-butylidenethiazolid-5-ones, 2326. 
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2-Thio-4-carbethoxy-(2’-cyclohexylidene-5:5-pentamethylene)- 

thiagolidine, 1439. 
4-Thio-5-carbethoxyhydantoin, and its derivatives, 1446. 
2-Thio-4-carbethoxy-5:5-pentamethylenethiazolidine, 1439. 
2-Thio-4-carboxy-(2’-cyclohexylidene-5:5-pentamethylene)- 

thiazolidine, 1439. 
2-Thio~4-carboxy-5:5-pentamethylenethiasolidine, 1439. 
Thio-compounds, reaction of, with keto-steroids, 2764. 
Thiocyanic acid, aurous salt, 1840. 

_ 2-fluoroethyl ester, 775. 

acid, p-chlorophenyl and p-methoxybenzoy! 

esters, 1161. 

2-Thio-3:3’-dimethylindolo-1’:2’-1:5-hydantoin, S 139. 
toin, 2345. 


Thiotormamidomalonic acid, ethy] ester, 1068. 
'  ehatiedeneeneeeanendmentiemnesnes 


2-Thlo--rcloherpidene&thasoidone, 1438. 
2-Thio-4-cyclohexylthiazolid-5-one, 23 
$-Thio-4-Lpdeenbonapiidenathiansiia-€-enee, 2326. 
2-Thio-4-p-hydroxybenzylthiazolid-5-one, 2328. 
Thiols, addition of, to acetylenic compounds, 3109. 
reactions of, with othylans oxides, 278. 
with substituted maleinimides, 1515. 
2-Thio-1-methylbarbituric acid, 1068 
2-Thio-3-methylindolo-1’:2’-1: 5-hydantoin, S 135. 
2-Thio-4-(4’-methylpent-3’-en-2’-ylidene)-5-thiazolidone 
hydrate, 3012. 
2-Thio-3-methyl-4-propylthiazolines, 5-amino-, 5-acetyl deriv- 
atives, 2341. 
2-Thio-3-methylthiazolid-5-one, 2340. 
2-Thio-3-methylthiazoline, 5-amino-, acetyl and benzylidene 
derivatives, 2339. 
2-Thio-4-2’-methylthioethylidenethiazolid-5-one, 2326. 
2-Thio-1-methylxanthine, 1074. 
2-Thio-4-a-morpholinobenzyl-3-methylthiazoline, 
5-acetyl derivative, 2345. 
2-Thio-4-0-nitrobenzylidene-5-thiazolidone, 3012. 
Thionyl chloride, reaction of, with esters of N-dithiocarboxy- 
amino-acids, 2373. 
one of, absorption, and structure, 396. 
des, reaction of, with hydroxy-compounds in absence 
and presence of tertiary bases, 2309, 3326. 
2-Thio-4-3’ ’-oxindolylidene-b-thiasolidone, 3011. 


5-amino-, 


30 
Thiophenol, spectrum of, absorption, and structure, 391. 
Thiophenol, 5-chloro-2-(3:5-dinitroamino)-, 2-benzoyl deriv- 
ative, 360. 
Thiophen-2-sulphony! chloride, m roduction nd ee sulph- 
oxide from phenylmagnesium romide and, 258: 
Thiophenylacetamidomalonic acid, ethyl ester, 71088. 
2-Thio-3-phenyl-5-benzylidene-1-methylhydantoin, 2345. 
Se ee ed ee 2346. 
2-Thio-3-phenyl-5-benzyl-1-methylhydantoin, 2346. 
2-Thio-3-phenyl-5-benzyl-1-isopropylhydantoin, 2346. 
4-Thio-5-phenylhydantoin, and its derivatives, 1445. 
2-Thio-3- TT ee ee 2346. 
2-Thio-3-phenyl-1-methylhydantoin, 
$.ado@-shenst-dsenatnnd- Otecasaninatanteln, 2346. 
2-Thio-3-phenyl-1-methyl-5-isopropylidenehydantoin, 2346. 
2-Thio-5-phenyl-3-methylthiazolidine-4-carboxylic acid, 2344. 
2-Thio-3-phenyl-1-isopropyl-5-n-butylhydantoin, 2346. 
2-Thio-3-phenyl-1-isopropyl-5-n-butylidenehydantoin, 2346. 
2-Thio-3-phenyl-2-isopropylhydantoin, 2346. 
2-Thio-4-a-piperidinobenzyl-3-methylthiazoline, 5-amino-, 5- 
acetyl derivative, 2344. 
4-Thio-5-isopropylidenehydantoin, 1447. 
2-Thio-4-isopropylidenethiazolid-5-one, 2326. 
2-Thio-3-isopropylthiazolid-5-one, 2341. 
2- pylthiazoline, 5-amino-, 5-acetyl and benzyl- 
idene derivatives, 2340. 
Thiosemicarbazide, compounds related to, 1160, 1163, 1918. 
2-Thio-1:2:3:6-tetrahydrothiazolo(5’:4’-4:5)pyrimidine, 6-hydr- 
oxy-2’-mercapto-, 2332. 
2-Thio-5-thiazolidine, condensation of, with aldehydes or 
ketones, 3007. 
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ame, condensation of, with N-substituted maleinimides, 
1797. 
ie nets Ne IE oT 1839. 


Thioureidothiocyanatogold, 1840. 
Thorium, lower mer states of, 8 244. 
Thorium carbides, S 318 
di- and tri-iodides, 8 244, 
Threonine ethy] ester hydrochloride, 592. 
oxazoline esters, — and stereochemistry of, 589. 
alloThreonine ethy ester hydrochloride, 592. 
Thulium, tic susceptibility of, 139. 
—- 1-glyceryl and 2- hydroxyethyl ethers, preparation of, 


Thyroxine, determination of, polarographically, S 204. 
synthesis of, 3424 
and its | tw ll S 185, 190, 199, 204. 
1-Thyroxine, monosodium salt, 3433. 
synthesis of, from L-tyrosine, 3424. 
Tilden Lecture, 1042, 1318. 
Tin tetrahelides, reaction of, with trialkylarsines and trialkyl- 
phosphines, 2915. 
— bromide, ionisation of triphenylmethyl bromide by, 
Stannic acid, loosening temperature of, S 265. 
Tirucallol, and its derivatives, 2555. 
Titanic acid. See under Titanium. 
Titanium :— 
Titanic acid, loosening temperature of, S 265. 
Tolazole, 2-amino-, 2397. 
5-chloro-2-amino- and -2- nitro-, and 5-chloro-2-hydroxy-, 
picrate, 2398. 
o-Tolualdehyde, 5-hydroxy-, oxime, 889. 
p-Toluamidine, salts, 455. 
Toluene 8-triisocyanate, 1754. 
Toluene, fluoro-derivatives, S 95. 
p-fluoro-, 2:4-difluoro-, 2-fluoro-4-amino-, 2-fluoro-5-nitro-4- 
amino-, 4-acety] = wees og = nitro-2:4-difluoro-, § 97, 98. 
p-nitro-, sulphonation of, 187 
2:3- and 2: 5-dinitro-, en of, 1624. 
2-p>Molueneaso-1-naphthylamine, and its N-acetyl derivative, 


Toluene-p-sulphinic acid, association of, in benzene, and nitro- 
benzene, 686, 687. 

Toluene-p-sulphonamide, N-nitro-, alkylation of, and its 
§8-benzylthiuronium salt, 1883. 

2-Toluene~-p-sulphonamidobenzanilide, 387. 

2-Toluene-p-sulphonamidofiuorene, 3-mono-, 1:3- and 1:7-di-, 
= 1:3:7-tri-bromo-, 3-nitro-, and 1:3:7-trinitro-, 2021, 


2-Toluene-p-sulphonamidophenyldimethylcarbinol, 386. 
2-Toluene-p-sulphonamidophenyldi-p-tolylcarbinol, 386. 
2-Toluene-p-sulphonamidotriphenylcarbinol, 386. 
Toluene-p-sulphon-1:2-diphenylethylamide, 1078. 
Toluene-p-sulphonic acid, m-acetamido- and m-methoxy- 
pheny] esters, 8 179. 
p-methoxypheny] ester, S 196. 
Toluene-p-sulphonyl chloride, Friedel-Crafts reaction with 
acetanilide and, 257. 
N-Toluene-p-sulphonyl-S-benzylpenicillamine, 3220. 
Toluenesulphonylbromophenylcyanamides, 3031. 
Toluene-p-sulp ae 3031. 
Larne are nn a mr 
BN -(Toluene-p-sulphonyl) 080 d 
hydrazinoacridine, and 3-nitro-, 
ry wom: 1150. 
5-N’-(Toluene-p-sulphonyl)hydrazino-1:3-dimethylacridine, 
hydrochloride, 1150. 
Toluene-p-sulphonyl-p-methoxyphenylcyanamide, 1037. 
2-Toluene-p-sulphonyl f-methyl-p-arabinoside, 1233. 
Toluene-p-sulphonyl-1-naphthylcyanamide, 1037. 
4-Tol phonyloxy-N-acetyl-.-phenylalanine, 3:5-di- 
nitro-, and its ethyl ester, 3431. 
ee aa acid, 3:5-diiodo-, methyl 
ester, § 198. F 


B-(4-Tol uhenstexyehenstigseplonie acid, 8-3:5- 
dinitro-, and its ethyl] ester, 8 196 

Toluene-p-sulph: onylphenyicyanamide, 1036. 

Toluene-p-sulphonylsalicylic acid, methy] ester, S 179. 

I, 





lcyanamides, 3030 
Toluene-p-sulphonyl-p-tolylcyanamide, 1037. 
N-Toluene-p-sulphonyl-pi-tyrosine, 3:5-dinitro-, 3430. 
Toluene-p-sulphonyl-1-valine, 1026. 

Toluic acids, association of, in benzene, 684, 685. 

o-Toluic acid, 3:5-dihydroxy-, methy] ester, 866. 

m-Toluic acid, 5-hydroxy-, acetyl derivative and amide of, 889. 

o-Toluidine, diazotised, Bendm dmeyer reaction with, 8 49. 

m-Toluidine, idles from, 2656. 

p-Toluidine, condensation of, with furfuraldehyde, bases pre- 
pared from, 777. 


phenol-p-sulphonate, 2856. 
ee Sa 3345. 
1-0-Toluidino-1-cyan -p-aminx0-, and its acetyl 


ocyclopentane, | 
derivative, and 1-p-nitro-, 8 162, 163. 
1-p-Toluidino-1-cyanocyclopentane, l-o-amino-, and its acetyl 
ivative, and l-o-nitro-, 8 162. 
(or 6)-p-Toluidino-8-keto-N-p-tolyl-1:2:3:6-tetrahydropyridine, 
and its derivatives, 778. 
1-0-Toluidinocyclopentane-l-carboxylic acid, 1-p-amino-, and 
1-p-nitro-, and their derivatives, 8 162, 163. 
1-p-Toluidinocyclopentane-l-carboxylic acid, 1l-o-amino-, and 
l-o-nitro-, and their derivatives, S 162. 
4-0-Toluidinopyridine, 3:4-3-diamino-, and 3:4-3-dinitro-, 2541. 
1-p-Toluidino-5-p-tolylimino-3-methylpenta-1:3-diene hydro- 
chloride, 1432. 
Se oe ee eS 


Tolyl cyanides, hydroxy-, and their acetyl derivatives, 889. 
p-Tolyl 2- shonyioeiphonytotgt sulphide, 1756. 
6-0-Tolylacetyl-4-~methylcoumarin, 5-hydroxy-, 1917. 
N-p-Tolyl-p-anisamidine toluene-p-sulphonate, 453. 
1-p-Tolyl-2-benzyl-4:5-dihydroglyoxaline picrate, 1309. 

p-Tolyl 1:2-dibromoethyl sulphone, 2437. 

p-Tolyl bromovinyl sulphone, 2437. 

2-o-Tolylbutane, 2-3:5-dihydroxy-, and its di-p-nitrobenzoate, 


865. 

i- and levo-3-(0-Tolyl)butan-2-ols, 3-4:6-dihydroxy-, and their 
derivatives, 1566, 1567. 

o- and p-Tolyl tert.-butyl ketones, and semicarbazone of the 

p-compound, 1952. 

a~p-Tolylisobutyramide, 45. 

a-p-Tolylisobutyric acid, 45. 

a-p-Tolylisobutyrohydroxamic acid, 44. 

a-p-Tolylisobutyronitrile, 45. 

p-Tolyl 2-o-carboxyphenylthioethyl sulphone, 2439. 

N’-p-Tolyl-. Se ee chloride, 1309. 

N'p-Tolyl-N*:N ‘.diethyldiguanide, 103 

1-p-Tolyl-1:4-dihydro-3-methyl-4-azafiuorenone-2-carboxylic 
acid, ethyl ester, 2138. 

1-0-Tolyl-2:5-dimethylpyrrole, 1-6-chloro-, 2885. 

1:1’-as-m-Tolylenebis-(2:5-dimethylpyrrole), 2885. 

Tolylene-2:4-diamine, condensation of, with cyclopentanone 
and cyclohexanone cyanohydrins, 8 160. 

= 4-sulphonylide, action of Grignard reagents on, 


i - Pr condensation of, with 2:4:5-tri- 
amino-6-hydrox —— 2081. 

B-m-Tolygutri acid, 3180. 

Tolylguanidine, p-amino-, picrate, 2722. 

i p-Tolyl-N’ hexyldiguanide, and its hydrochloride, 104. 

p-Tolyl o-hydroxycyclohexyl sulphone, 281. 

4-p-Tolyl-lutidine-3:5-dicarboxylic acid, ethy] ester, 2133. 

eee acid, 
ester, 2138. 

2’-0-Tolyl-4-methylchromono(7’:8’-6:5)pyr-2-one, 1917. 

2-p-Tolyl-6-methylhept-5-en-2-ol, 2534. 

N-o-Tolyl-4-methyl-a-naphthylamine, 673. 

2-p-Tolyl-2-methylpropane, |-nitro-, 44. 

2-p-Tolyl-2-methylpropylamine, and its picrate, 44. 

2-m-Tolyl-6-methyl-3-pyridazinone, 2548. 

2-m-Tolyl-6-methyl-3-pyridazone, 4-amino-, 
derivative, and 4-chloro-, 2548. 

1-(4- and 6-Tolyl)naphthalenes, 1-2-amino-, 3215. 
N-o-Tolyl-2-naphthamidine, and its salts, 453. 

he oe ct meg and its dipicrate, 2833. 


ethyl 


and its acetyl 


10-p-Tolylphenoxarsine, 2-chloro-, 1184. 
N-p-Tolylphenylacetamidine toluene-p-sulphonate, 453. 


p-Tolyl 2-phenylthioethyl sulphone, 2439. 
B-o-Tolylpropionic acid, preparation of, 491. 
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N-p-Tolylpyzidinium bromide and iodide, N -2:6-dinitro-, S 197. 
picrate and 2:4-dinitrophenoxide, N-2:6-dinitro-, S 198. 

1-p-Tolylsulphony!-3-acetoxyprop 2-ene, 2203. 

1-p-Tolyisulphonyi-3-benzoyloxrprop-l-eue, 2203. 


2-y-Tolylsu) phony!-2-ethoxypropane, 1-chloro-, 2204. 
4-p-Tolylsuiphonyl-3-methylsulphonyl-l-nz.phthol, anc its 
methyl] ether, 2152. 

bg ev pe meena and its 


methyl! ether, 2152 
$-p-Tolylsulphonylpropsne-1:2-diol, and its dibenzoyl deriv- 
ative, 2204. 
1-p-Tolylsulphonylpropan-2-ol, 2203. 
3-p-Tolylsulphonylpropan-2-ol, 1-chloro-, 2202. 
1-p-Tolylsulphonylprop-1-ene, 3-bromo-, and 3-chloro-, 2203. 
3-iodo-, 2204. 
3-p-Tolylsulphonylprop-1-ene, 1-chloro-, 2204. 
3-p-Tolylsulphonylprop-2-en-1-ol, 2202. 
3-p-Tolylsulphonylprop-2-eny! carbanilate, 2203. 
ee trithiocarbonate, 2203. 
a apenas 313. 
ipole moment of, 748. 
2-p-Tolyl-1:2:3: 4-tetrahydroisoquinoline, 7-amino-, and 7-nitro-, 
and their derivatives, 1802. 
1-p-Tolylthio-2:3-epoxypropane, 2202. 
3-p-Tolylthiopropane-1:2-diol, and its diacetyl derivative, 2202. 
N-p-Tolyl-p-toluamidine, and its salts, 453. 
N-p-Tolyl-n-valeramidine, and its salts, 453. 
(+)-y-p-Tolyl-n-valeric acid, and its derivatives, 842. 
Toxiferines, and their picrates, 3268. 
3:4:6-Triacetyl 8-benzyl-D-glucoside 2-diphenylphosphate, 3134. 
Triacetyl dideoxyglucose, 1362. 
a f-hexahydrobenzyl-p-glucoside-2-phosphoric 


ON N-Triacetylhydroxylamine, 3375 

9-Triacetyl-a- and -f-p-ribopyranosido-2-methylthioadenines, 
synthesis of, 1613. 

4-Triacetyl-p-ribosidamino-5-(2’:5’-dichlorob )-2- 
methylthiopyrimidine, 6-amino-, 1617. 

O-Triacetylsantal, 1574. 

ee reactions of, with tin and uranium tetrahalides, 

5 

Trialkyl-lead salts with sternutstory properties, 919. 

Trialkylphosphines, reactions of, with tin and uranium tetra- 
halides, 2915. 

Triamines, aromatic symmetrical, preparation of, 1753. 

2:9:10-Triaza-anthracene, 2541. 

2:9:10-Triaza-anthracenes, 2540. 

Triazines, substituted, formation of, from o-halogenopheny]- 
ureas and arylsulphonyl chlorides, 3033. 

1:2:4-Triazoles, 1739. 

1:2-4:5-8:9-Tribenzpyrene, 2168. 

Tribenzyl phosphate, tri-p-bromo-, and éri-p-nitro-, 819. 
phosphite, 820. 
pyrophosphate, and its derivatives, 818. 

Tribenzyladrenalone, salts, 93. 

Tri-n-butyl-lead hydroxide, and its salts, 924. 

Triisobutyl-lead salts, 2987. 

Trichoderma viride, culture of, 8 138. 

Trichothecium r » rosenonolactone from, 879. 

Triisocyanates, aromatic, symmetrical, preparation of, 1753. 

2:3-cycloTridecamethyleneindole, 2886. 

Tri(di-n-butylgold) phosphate, 3079. 

Tri(diethylgold) phosphate, 3079. 

Tri-(2:3-1’:3’-dioxatetramethylenebenzyl) 
chloro-, 819. 

Triethoxychlorosilane, 1698. 

Triethylamine, association of, with ethyl and methyl alcohols, 
studied by infra-red absorption, 24. 

Triethyl(iso)cyanosilane, 2764. 

= :3-diphenyl-3-hydroxypropylammonium, 

Triethylenediamine, 2298. 
derivatives of, 2301. 

Triethyliodosilane, 2760. 

Triethyl-lead, and its hydroxide and salts, 923. 
ethyl and phenyl sulphides, 2985. 
salts, 2985, 2986. 

Triethyl-lead phthalimide, 2985. 

O-Triethylsantal, 1576. 

O-Tritormylcholic acid, and its derivatives, 3437. 








phosphate, tri-5- 


iodide, 
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Triketodihydroiancstenone, 574. 

Triketodihydrolanosterol, and its acetate, 57%. 

Triketohydrindene bydrate. See Ninhydrin. 

Triketoindane hydrate. See Ninhydrin. 

3:7:11-Triketotridecane-4:19-dicarboxylic acid, ethyl] ester, 714, 

2:6:10-Triketoundecane-°.9-dicarboxylic acid, ethyl ester, 714. 

Trilobamine, n° ay of, 2774. 

Trimetaphosp....es. See under Phosphorus. 

ee a- and f-methyl-p-arabinosides, 

Trimethincyanines, 1126. 

Trimethinoxonols, 1126. 

B-(3:4:5-Trimethoxybenzoyl)propionic acid, and its methyl 
ester, 3275. 

os  ~ reaeert ones eennee acid, methyl ester, 


4:7:4 Pome wre te emma 6-hydroxy-, 306 
4:6:7-Trimethoxycoumarin, 566 
3:5: 7-Trimethoxycoumarin-4-carboxylic acid, ethyl ester, 2052. 
4:6:7-Trimethoxycoumarin-3-carboxylic acid, ethy! ester, 566. 
6:3’:4’-Trimethoxydeoxybenzoin, 2:4-dihydroxy-, 1576. 
2:3:2’-Trimethoxy-6:5'-diformyl-5:4’-divinyldiphenyl ether, and 
its dioxime, 2772. 
2:3:4-Trimethoxy-5:6-dihydronaphthalene, 3276. 
6:7:8-Trimethoxy-3:4-dihydronaphthalene-1:2-dicarboxylic 
acid, ethyl] esters, 3275. 
5:8:4’’-Trimethoxyfurano(4’:5’:6:7)flavanone, 306. 
§:8:4’’-Trimethoxyfurano(4’:5’:6:7)flavone, 307. 
3:4:5-Trimethoxy-2-p-methoxyphenylbenzaldehyde, 
derivatives, 1081. 
3:4:5-Trimethoxy-2-p-methoxyphenylcinnamic acid, 1082. 
5:6:7-Trimethoxy-4-p-methoxyphenyl-1-indanone, 
l-amino-, and its derivatives, 1082, 1083. 
1:2:3-Trimethoxy-5-methylnaphthalene, and 
benzene complex, 3276. 
1:2:3-Trimethoxy-8-methylnaphthalene, and 
benzene complex, 3277. 
5:6:7-Trimethoxy-1-methyl-1:2:3:4-tetrahydronaphthalene, 
1-hydroxy-, 3276 
5:6:7-Trimethoxynaphthalene-1-carboxylic acid, 3276. 
6:7:8-Trimethoxynaphthalene-1-carboxylic acid, 5-iodo-, methy] 
ester, 3278. 
a ~ Aarne ca, emma meant acid, anhydride, 
275. 


5:6:7-Trimethoxy-1-naphthylacetic acid, and its ethyl ester, 3276. 

6:7:8-Trimethoxy-1-naphthylacetic acid, and its methyl] ester, 
3277. 

y~-(3:4:5-Trimethoxyphenyl)butyric acid, and its ethyl ester, 
3275. 


3:4:5-Trimethoxyphenylglyoxal hydrate, 3278. 
2:3:6-Trimethoxyquinoxaline, 1274. 
5:6:7-Trimethoxy-1:2:3:4-tetrahydro-1-naphthylideneacetic 
acid, 3276. 
6:7:8-Trimethoxy-1:2:3:4-tetrahydro-1- 
acid, 3277. 
Trimethylacetophenones, dipole moments of, 2963. 
Trimethylamine, fluorination of, 3080. 
reaction of, with acetylene under pressure, 789. 
Trimethylbenzacridines, and their picrates, 672, 673. 
3:4:5-Trimethylbenzaldehyde, 2:6-dihydroxy-, and its 2:4- 
dinitrophenylhydrazone, 3040. 
B-(2:3:4-Trimethylbenzoyl)propionic acid, 3196. 
2:4:6-Trimethylbenzylamine toluene-p-sulphonamide, 2722. 
Trimethylboriue, equilibrium 0 with ethylene, 3340. 
4:6:8-Trimethylcoumarin, 7-hydroxy-, 2835. 
OON-Trimethyldaphnoline dimethicdide, 2773. 
3:5:6-Trimethyl 2-deoxy-p-glucofuranose, and its anilide, 2849. 
2:4:4-Trimethyl-1:4( ?3:4)-dihydrofiluoranthene, 634. 
1:1:3-Trimethyl-1:2(or 1:4)-dihydronaphthalene, 3197. 
2:4:6-Trimethyl-A*-dihydrothiapyran, and its methiodide, 2754. 
eee reas Croce iodide, 


and its 


and 
its 9-trinitro- 


its 8-trinitro- 





téhotia ati, 


Trimethyl-1-8'4'-dimethoryphenyl-n-propylammonium iodide, 
177. 
oy  Yieeninaeee inte coe core recremma 


2:11:14-Trimethyldocos-11-enoic acid, 1548. 

2:12:15-Trimethyldocos-12-enoic acid, ethy! ester, 1549. 

1:11:14-Trimethyldocosoic acid, and its acetol ester 2:4-dinitro- 
phenylsemicarbazone, 1548. 


iodide, 





2:4 
2: 


4 
8 
4 
4 

24 
t 
5 
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way ws 
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714, 


and 


itro- 
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9:11:14-Trimethyldocosoic acid, and its acetol ester 2:4-dinitro- 
puenylsemicarbazone, 1548. 

2:12:15-Trimethyldocosoic acid, and its acetol ester 2:4-dinitro- 

phenylsemicarbazone, 1549. 

5:6:8-Trimethyiflavylium chloride, 7-hydroxy-, 3280. 
2:2:4-Trimethylfiuoranthene, synthesis of, 632. 

Trimethyl-2-fluoroethylammonium bromide, 1281. 

1:3:4-Trimethylfructose, analysis of mixtures of, with di- and 
tetra-methylfructoses, 2522. 

(1: - Af ** yaerngaaaaaacaa 17-dienyl)malonic acid, ethyl 
ester, 1 

2:2:5'~ ieeisnothyh ’’=n-heptyl-3’:4’:5’:6’-tetrahydrodibenzpyran, 
4” -hydroxy-, 954. 

2:2:4-Trimethylcyclohexan-1-one-4-carboxylic acid, 
methyl ester and semicarbazone, 194. 

rn” learnt denne ae acid, ethyl 
ester, 

a - pcre talents ainanes mae 


1048" a ’-Trimethylcyclohex-1’-enyl)-8-methyldeca-3:8-dien-5- 
yne, 2:7-dihydroxy-, 2:7-diacetyl derivative, 1523. 

10-(2’:6’:6’-Trimethylcyclohex-1’-enyl)-8-methyldeca-3:8-dien- 
5-yne-2:7-diol, 1523. 

10-(2’:6’:6’-Trimethylcyclohex-1’-enyl)-8-methyldeca-3:5:7:9- 
tetraene, 2-hydroxy-, 2-acety! derivative, 1523. 

7-(2’:6’:6’-Trimethy hex-1’-enyl)-5-methylhepta-3:5-dien- 
2-one, and its 2:4-dinitrophenylhydrazone, 1521. 

— ’-Trimethylcyclohex-1’-enyl)-4-methylhex-4-en-3-ol, 

§21. 


a? ¢ > (teenies ia nel 
9-(2’:6’:6’-Trimethylcyclohex-1’-enyl)-7-methylnona-2:7-dien- 
4-yne-1:6-diol, 1522. 
9-(2’:6’:6’-Trimethylcyclohex-1’-enyl)-7-methylnona-2:4:7- 
triene-1:6-diol, 1522. 
1-(2’:6’:6’-Trimethylcyclohex-1’-enyl)-3-methylnona-2:5:7-trien- 
4-ol, 9-hydroxy-, acetyl derivative, 1522. 
9-(2’:6’:6’-Trimethylcyclohex-1’-enyl)-7-methyl-2:4:6:8-tetraene, 
l-hydroxy-, acetyl derivative, 1522. 
2:2:5’-Trimethyl-5’’-n-hexyl-3’:4’:5':6’-tetrahydrodibenzopyran, 
4’-hydroxy-, 954. 
2:2:5’-Trimethyl Sar aetna 5’:6’-tetrahydrodibenzo- 
pyran, 4”-hydroxy-, 955 
Trimethylindium, catalytic toxicity of, 2173. 
[1:3:3-Trimethylindolenine }[3-ethylbenzthiazole)}methincyanine 
perchlorate, 1508. 
(1:8: 2 oo ot |g" "Esmee aaacaamae ce 
cyanine iodide, 1508. 
Trimethyl-lead salts, 2988. 
Trimethyl-1-p-methoxyphenylisobutylammonium iodide, 1177. 
Trimethyl-2-m-methoxyphenylethylammonium iodide, 713. 
3:5:6-Trimethyl a8-methyl-2-deoxy-p-glucofuranoside, 2848. 
1:2:3-Trimethylnaphthalene, synthesis of, 3194. 
2:3:4-Trimethylnaphthalene, | -iodo-, 635. 
2:2:5’-Trimethyl-5”-n-octyl-3’:4’ :5’:6’-tetrahydrodibenzopyran, 
4” -hydroxy-, 955. 
2:2:5’-Trimethyl-5”-sec.-octyl-3’:4’:5’:6’-tetrahydrodibenzo- 
4”-hydroxy-, 955. 
2:2:3-Trimethyloxazolidine, 5-imino-, 2340. 
2:4:4-Trimethylpentane, 1:2-dinitro-, 2631. 
2:4:4-Trimethylpentane, 2:3-dinitro-, 2632. 
3:5:5-Trimethylcyclopentane-1:3-dicarboxylic acid, 1-hydroxy-, 
and its acetyl derivative and ethyl ester, 194. 
2:4:4-Trimethylpentan-2-ol, 1-nitro-, 2631. 
2:4:4-Trimethylcyclopentan-1-one-2-8-propionic acid, and its 
semicarbazone, 193. 
2:4:4-Trimethylpent-l-ene, 1-nitro-, 2631. 
2:4:4-Trimethylpent-2-ene, 3-nitro-, 2632. 
2:4:4-Trimethylpent-l- and -2-enes, addition of dinitrogen 
tetroxide to, 2627. 
3:5:5-Trimethylcyclopent-1-ene-1:3-dicarboxylic acid, 194. 
Trimethyl-1-phenylisobutylammonium iodide, 1177. 
y-(2:3:4-Trimethylphenyl)butyric acid, 3196. 
Trimethyl-1-phenylethylammonium iodide, 1176. 
2-(2:4:5-Trimethylphenyl)-3-methylindole, 2887. 
Trimethylplatinic con.pounds, complex, 1168. 
3:5:6-Trimethylpyrazine, 2-hydroxy-, 2709. ‘ 
2:4:5-Trimethylresorcinol, and its derivatives, 3280. 
4:5:6-Trimethylresorcinol di-p-nitrobenzoate, 3040. 
O-Trimethylsantal, 1574. 


and its 





3511 


2:3:4-Trimethyl-1:2:3:4-tetrahydrofluoranthenes, 635. 
2:4:4-'Trimethyl-1:2:3:4-tetrahydrofluoranthene, 634. 
2:4:4-Trimethyl-1:2:3:4-tetrahydrofluoranthene, hydroxy-, 634. 
1:1:3-Trimethyl-1:2:3:4-tetrahydronaphthalene, 3197. 

Nz oe :4-tetrahydroquinoline, and its picrate, 


2:4:6-Trimethyltetrahydrothiapyran-4-ol, 2754. 

3:5:5-Trimethylthiazolidins-2:4-dicarboxylic acid, dimethy) 
ester, hydrochloride, 2353. 

2:12:18-Trimethyltricosa-12:18-dienoic acid, 1544. 

3:12:15-Trimethyltricosoic acid, and its acetol ester 2:4-di- 
nitrophenylsemicarbazone, 1548. 

Trimethylvinylammonium hydroxide, preparation and deriv- 
atives of, 791. 

2:3:4-Trimethyl xylose anilide, 1605. 

Tri-1-naphthylcobalt iodide, 2281. 

Tri-1-naphthyldicobalt pentabromide, 2281. 

os intervalency angles of oxygen and sulphur 
in, 

—r ce of Group Vz elements, physical properties. 
ol, 

Triphenylamine, physical pote of, § 121. 

Triphenylamine, 4:4’-dichloro-4”-nitro-, 231. 

Triphenylarsine, physical properties of, '8 121. 

Triphenylbismuthine, physical properties of, S 121. 

2:2:3-Triphenylchryseno(1‘:2’-5:6)dioxen, S 86. 

Triphenylethylene, halogeno-derivatives of, 440, 441. 
synthetic cestrogens related to, 439, 442. 

Triphenylethylenes, synthesis and cestrogenic porte of, 439. 

Triphenylmelamine, tri-o-bromo-, and tri-o-chloro-, 3036. 

Triphenylisomelamine, tri-o- bromo- , and tri-o- chloro., 3037. 

Triphenylmethane, reaction of, with chromium trioxide, 599. 

Triphenylmethane dyes, basic, ionisation of, 1724. 

— bromide, ionisation of, by stannic bromide, 

58. 


2-Triphenylmethylquinoline, 3184. 

Triphenylphosphine, action of, on organic disulphides, 892. 
physical properties of, S 121. 

Triphenylstibine, physical properties of, § 121. 

Tri-n-propylchlorosilane, 2760. 

Tri-n-propyl(iso)cyanosilane, 2764. 

Triisopropylfiuorosilane, 2759. 

Tri-n-propyliodosilane, 2762. 

Tri-n-propyl-lead, and its hydroxide and salts, 923, 924. 
salts, 2987. 

Tri-n-propyl-lead phthalimide, 2985. 

Tris-2:2’-dipyridyluranium hexathiocyanate, 2920. 

ee intervalency angles of oxygen and sulphur 


2: tch-Pelihto-1: 3:5-tri-( aepemenpenets-cagiaae 
hydro-1:3:5-triazine, 2370 

5-Trityl p-arabinose, and its derivatives, 2308. 
Trypanocides, search for, 696. 
Tuberculosis, compounds active against, 2680, 2683, 3043. 
Tungstates. See under Tungsten 
Tungsten :— 

tes, rare-earth, 2501. 
Tutin, picrotoxinin and, 806. 
Tyrosine, synthesis of, and its derivatives, 5 185. 
L-Tyrosine, synthesis of L-thyroxine from, 3424. 


U. 


2:3-Undecamethylenecinchoninic acid, 2886. 

2:3-cycloUndecamethyleneindole, 2886. 

2:3-Undecamethylenequinoline, 2886. 

Undecanecarborylic acid, 11-bromo-, amide and ethyl ester, 
1478. 


11-fluoro-, ethyl ester, 1478 
ecan-2-one, 11- bromo-, and its 2: 4-dinitrophenylhydrazone, 


1548. 
ap pee jo wis ota’ ~~ arama acid, and its 
amide and ethyl ester, 2425 
Unsaturated compounds, catalytic hydroxylation of, 2988. 
Uranic elements. See under Elements. 
Uranium carbides, § 318. 
tetrahalides, reaction of, with trialkylarsines and trialkyl- 
phosphines, 2915. 
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Uranium oxides, 8 303. 
Uranyl ions, hydrolysis of, 8 275. 
— activity coefficient of, in presence of sodium nitrate, 
299. 
complexes of, with ethers and ketones, S 294. 
— = sulphate, ionic association in aqueous solutions 
ot, 
Uranium detection and determination :— 
detection and determination of, S 311. 
Uranyl compounds. See under Uranium. 
Ureas, substituted, m. ps. of, 2292. 
1-Ureido-2-ethoxynaphthalene, 2294. 
1-Ureido-4-ethoxynaphthalene, 2294. 
1-Ureido-2-methoxynaphthalene, 2294. 
1-Ureido-4-methoxynaphthalene, 2294. 
1-Ureido-2-naphthol, 2293. 
4-Ureido-1-naphthol, 2294. 
Urethane, nitro-, alkylation of, and its S-benzylthiuronium 
salt, 1883. 
3-Urethanoacridine, 5-chloro-, 150. 
Uridine-3’ phosphate, 2485. 
paration of, and its disodium salt, 904. 
Bee also Uridylic acid. 
Uridine-5’ phosphate, and its salts, 2484. 
Uridylic acid, preparation of, and its disodium salt, 906. 
Urine, pregnant-mare’s, constituents of, 2118. 


Vv. 


n-Valeramidine eget 455. 

Valeric acid, 5-fluoro-, ethyl ester, 1475. 

ssoValeric acid, B-amino-, B-benzoyl derivative, and its ethyl 
ester and anilide, 347. 

D-isoValeric acid, D-a- -hydroxy-, benzylamine -— 1025. 

n-Valeronitrile, a-amino-, 2336. 

= 8-mercapto-, and its a-naphthylur-thane, 

48 

N-isoValeryiglycine, N-a-hydroxy-, 2349. 

N-n- and -isoValeryl-N-methylnorvalines, N-a-bromo-, and 
their lactones, 2351. 

N-n-Valeryl-N-methylvaline, NV -a-bromo-, and its lactone, 2351. 

N-isoValeryl-N-methylvaline, N -a- -bromo-, and N-a-hydroxy-, 
amide, 2350. 

po een tee and its methyl ester, 1024. 

N-Valeryl-N-i. py N-a-bromo-, and _ their 
lactones, 2351. 

oe es ine, N-a-bromo-, 
2351. 


DD-LL-N-isoValeryl-N-isopropylvaline, N-a-bromo-, 2350. 
N-isoValerylsarcosine amide, N-a-hydroxy-, 2350. 
DL-Vsline, synthesis of, from ethyl acetamidomalonate, 1040. 
p'- Valine 2094. 
Vanasium = preparation of, 2982. 
fluorides, 29 
Saicccsiees, 2982. 
Vapour pressure, correlation of, with critical temperature and 
latent heat of vaporisation, 3415. 
Velocity of hydrolysis of tertteny a eet halides, 2412. 
Veratramidine b 
Veratric acid, P- -nitrobenzyl a ses. 
Vicianin, and its hexa-acetate, 2055. 
Vinyl ——_ polymers, cross-linking of, by Friedel-Crafts 
catalysts, 48: 
cyanide, Michacl addition of, to fluorene-9-carboxylic esters, 
2623. 


4-Vinylcyclohexane-1:2-diol, 3000. 





and its lactone, 





Ps 
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Vinylcyclohexene, preparation of, 29 
of acreneEn condensation > with B-acetylacrylic acid, 


Violacein, degradation products of, 885. 

Vitamin A, activity in relation to molecular structure, 287, 
synthesis of acetylenic acids related to, 3123. 
synthesis of C,, alcohol related to, 3120. 
synthesis of C,, and C,, acids related to, 2023. 

isoVitamin A, synthesis of derivatives of, 1516. 

be ar ay - on, accelerators for, structure and absorption spectra 
of, 401. 


w. 


Walden inversion, steroids and, 1671. 
bas raneapanm and determination of radium and radon in, 
magnetic susceptibility of, 134. 
Wattle. See Acacia issima. 
Wharangin, 2157. ; 
Widman-Stoermer synthesis, heterocyclic substituents in, 2408, — 
Wolff—Kishner reduction, 2456. : 
Wood, “ insoluble red,”’ chemistry of, 1571. 
Wool fat, constituents of, 2120. 
“ = reaction, preparation of aromatic hydrocarbons 
Y> 


x. 


Xanthic acid, 2-fluoroethy] ester, 775. 

Xanthosine, synthesis of, 232. 

o- and p-Xenyldi-(2-bromoethyl)amines, 1974. 

p-Xenyldi-(2-bromo-n-propyl)amine, 1975. 

o-Xenyldi-( )amine, mn 4. 

p-Xenyldi-(2-chloroethyl)amine, 184 
p-Xenyldi-(2-chloro-n-propy! amine, ‘1975. 

o-Xenyldi-(2-hydroxyethyl)amine, 1974. 

p-Xenyldi-(2-hydroxyethyl)amine, 184. 

p-Xenyldi-(2-hydroxy-n-propyl)amine, 1975. 

o- and p-Xenyldi-(2-iodoethyl)amines, 1974. 

o-Xenyl-2-hydroxyethylamine picrate, 184. 

m-Xylene, catalytic bromination of, 294. 

m-Xylenesulphonic acid as catalyst in alcoholysis, 558. 

m-5-Xylenol, 4-hydroxy-, 4-benzoy! derivative, 3192. 

ee methyl ether, 4-hydroxy-, 4-benzoy]l derivative, 

193. 


Xylohydroxydimethoxyglutaramide, 123. 
mesoXylodihydroxymethoxyglutaramide, 123. 
1-Xylyl-2:5-dimethylpyrroles, 2885 
Xylylnaphthylamines, 672, 673. 


Ze 
Yeast-ribonucleic acid, constitution of, 904. 


Yohimbine, constitution of, 487, 1720. 
Yttrium, magnetic susceptibility of, 135. 


Zine, determination of, by amperometric titration with 
—— uinaldinic acid, 1793. 
ionuclide, S 358. 
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